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INTRODUCTION  TO  VOL.  XIIL 


Historical  Sketch  of  the  Improvements  in  the  Chemical  Sciences 
during  the  Year  1818.    By  Thomas  Thomson,  M.D.  F.R.S. 

From  the  commencement  of  the  Annals  of  Philosophy  in  the 
year  1813  to  the  year  1817,  I  inserted  in  the  January  number  an 
nistorical  sketch  of  the  progress  of  science  during  the  preceding 
year.    This  sketch  was  confined  chiefly  to  chemistry,  and  the 
sciences  connected  with   it.      I  noticed  indeed  the   different 
branches  of  mechanical  philosophy,  and  slightly  glanced  at  some 
of  the  departments  of  natural  history.     But  the  primary  object 
of  the  Annals  being  chemistry,  and  my  industry  being  exerted 
to  introduce  into  them  every  chemical  discovery  of  importance^ 
which  came  to  my  knowledge,  in  what  country  soever  it  had 
been  made,  I  considered  myself  as  pretty  well  qualified  by  the 
course  of  reading  which  the  editing  of  such  a  journal  naturally 
required  to  give  a  tolerably  complete  view  or  the  progress  of 
chemistry  during  the  preceding  year.     Hence  it  naturafly  hap- 
pened that  these    historical   sketches  often  contained  many 
im(K)rtant  facts  which  want  of  room  had  prevented  me  from 
noticing  in  the  previous   numbers   of  the  journal.      I  flatter 
myself,  therefore,  that  they  would  be  perusecl  with  some  advan- 
tage by  those  of  my  readers  who  interested  themselves  in  the 
science  of  chemistry,  and  who  could  not  but  wish  to  become 
acquainted  with  the  various  additions  which  it  had  just  received. 
My  sudden  removal  to  the  University  of  Glasgow,  in  Oct.  1817,  laid 
me  under  the  necessity  of  interrupting  these  historical  sketches ; 
and  after  a  trial  of  two  years,,  I  find  it  difficult  to  resume  them 
at  the  usual  time ;  for  in  the  months  of  October,  NovembeT,?i\xA. 
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December  (or  at  least  the  last  two  of  them),  in  which  it  would 
be  necessary  for  me  to  be  employed  in  drawing  up  the  paper,  I 
am  almost  wholly  occupied  in  teaching,  and  could  not,  if  I  were 
to  make  the  attempt,  spare  sufficient  time  for  so  laborious  a 
task»  We  have,  therefore,  after  much  consideration,  adopted  a 
plan,  which  bids  fair  to  improve  the  value  of  these  papers,  while 
it  does  not  interfere  with  my  duties  as  a  professor  of  chemistry— 
at  least  so  seriously.  The  plan  is  to  publish  two  supple** 
mentary  numbers,  each  to  be  prefixed  to  its  respective  volume4 
In  the  first,  or  July  supplement,  we  propose  to  give  an  histo- 
rical sketch  of  the  progress  of  chemistry  and  tnineralogy  during 
the  preceding  year.  This,  I  trust,  I  snail  be  able  to  draw  up 
myself.  The  other  supplement  will  contain  a  sketch  of  the 
progress  of  mechanical  pnilosophy,  botany,  and  zoology,  during 
the  preceding  year,  and  will  be  drawn  up  by  gentlemen  weU 

Siahfied  to  do  justice  to  their  several  departments.  Such  is  the 
an  which  will  be"  hereafter  followed  by  tne  Editor  of  the  Annals 
of  Philosophy  J  and  which  it  is  hoped  will  meet  with  the  appro^ 
bation  of  its  readers* 

L  CHEMISTRY. 

Sevetal  very  important  additions  have  been  made  to  the  science 
of  chemistry  during  the  course  of  the  year  1818*  In  order  to 
put  my  readers  fiJly  in  possession  of  the  facts,  I  shall  be  under 
the  necessity  of  taking  up  some  topics  which  came  under  o\nt 
notice  in  the  historical  sketch  printed  in  the  Annals  of  Philosophy 
for  July,  1818  ;  but  I  shall  take  care  to  avoid  all  useless  repeti- 
tion.  The  advantages  of  arrangement  are  so  obvious  that  I  need 
make  no  apology  for  classing  the  different  discoveries  under 
their  general  head3. 

I.   LIGHT   ANl)    HEAt; 

1.  Measure  of  Temperatures. — All  the  precise  notions  respect' ' 
ing  heat  which  we  have  acquired  are  derived  from  the  use  of 
the  thermometer.  The  importance  of  this  instrument  has  been 
long  known,  and  much  labour  has  been  bestowed  by  philoso-i 
phers  in  ascertaining  the  best  way  of  graduating  thermometer^ 
so  as  to  make  them  comparable  with  each  other.  ]^pw  a  ther- 
mometer is  an  instrument  so  contrived  as  to  measure  the  dilata« 
tion  of  a  liquid,  and  mercury  has  been  found  the  most  convenient 
liquid  for  tne  purpose.  When  heat  is  applied  to  mercury,  it 
increases  in  bulk,  and,  rising  in  a  graduated  glass  tube,  indicates 
the  degree  of  heat  to  which  it  is  exposed.  Several  points  remain 
still  to  be  settled  before  the  thermometer,  even^n  its  present 
improved  state,  can  convey  to  us  precise  information.  Do  equal 
increments  of  heat  occasion  equal  increments  of  bulk  in  mercury? 
Or  do  bodies  expand  more  at  high  temperatures  when  they 
receive  an  equal  increment  of  heat  than  at  low  temperatures  1 
Or  at  what  i^te  do  they  expand?  These  and  several  similar 
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^neations  remain  still  nnresblved.  The  TieW  which  Mr.  Daltoa 
Has  taken  of  the  thennometer  and  of  expansion  in  the  first  volume 
of  his  System  of  Chemistry^  has  drawn  .the  attention  of  ohiloso* 
phers  to  the  subject,  and  seems  to  have  led  the  Acaaemy  of 
ScienGes  of  Paris  to  make  it  the  subject  of  a  prize,  which  was 
gained  by  MM.  Dulong  and  Petit.  A  translation  of  their  paper 
has  appeared  in  our  13th  volume.  The  experiments  which  it 
contains  seem  to  have  been  made  with  much  care;  and  are, 
therefore,  calculated  to  decide  our  opinion  respecting  this  very 
important  but  intricate  subject.  I  shall  endeavour  to  lay  the 
facts  which  these  gentlemen  nave  established  before  my  readers* 

A  preliminary  point  of  some  importance  was  the  temperature 
at  which  mercury  boils  ;  or,  in  other  words,  what  is  the  bulk  of 
mercury  when  heated  to  the  boiling  temperature  compared  with 
its  bulk  at  the  temperature  of  32^.  Their  mode  of  determining 
this  point  was  exceedingly  ingeniouSf  and  appears  quite  sattsfac- 
tory^  They  filled  a  glass  tube,  shut  at  one  end,  and  drawn  out 
into  a  capiUaiypoint  at  the  other,  with  mercury  at  the  tempera- 
ture of  32^«  T^e  tube  thus  filled  was  weighed,  and  the  quantity 
of  mercury  which  it  contained  determined.  The  tube  was  then 
kept  in  boiline  mercury  till  it  had  acquired  the  temperature  of 
that  liquid ;  while,  the  pressure  exerted  by  the  mercury  in  the 
capillary  part  of  the  tube  prevented  the  mercury  in  the  tube  from 
boiling  or  any  vapour  from  being  formed.  When  the  mercury 
was  boiling  hot,  the  capillary  point  of  the  tube  was  hermetically 
sealed  by  the  blow-pipe,  and  the  whole  tube  was  allowed  to  cool. 
It  was  then  weighed,  and  the  weight  of  the  mercury  which  it  ' 
contained  was  ascertained.  The  comparison  of  this  weight  with 
that  of  the  mercury  at  32°  gave  the  expansion  of  mercury  at  itsr 
boiling  point;  and  knowing  now  much  mercury  expands  between 
32°  and  212°  it  was  easy  to  determine  at  what  degree  the  mercury 
in  a  thermometer  would  stand  if  the  whole  of  it  were  raised  to 
the  boiling  temperature,  and  if  the  dilatation  of  the  ^lass  were 
abstracted.  Thie  result  of  the  experiment  made  in  this  way  is, 
that  mercury  boils  when  raised  to  the  temperatiure  of  360°  cen- 
tigrade, which  is  equivalent  to  680°  Fahr. 

Another  point  of  considerable  importance,  and  without  which 
indeed  the  boiUng  point  of  mercury  could  not  be  detei^ined  with 
precision,  was  to  ascertain  the  absolute  expansion  of  this  Uquid 
at  different  temperatures.  The  mode  employed,  though  not 
altogether  new,  was,  however  exceedingly  ingenious,  and  seems 
to  have  answered  the  purpose  perfectly.  It  was  founded  upon 
the  well-known  hydrostatical  fact,  that  if  two  liquids  be  poured 
into  the  opposite  legs  of  an  inverted  syphon,  the  height  of  each 
will  be  inversely  as  its  density.  They  filled  an  inverted  syphon 
with  mercury.  One  leg  was  kept  at  32°,  by  being  surrounded 
with  a  mixture  of  snow  and  water ;  while  the  mercury  in  the 
other  leg  was  raised  to  different  temperatures,  by  being  sur- 
rounded with  hot  oil.    The  difference  between  the  height  of  the 
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mercury  in  the  two  legs  was'accurately  measured  at  each  temper- 
ature, and  this  difference  indicated  the  specific  gravity  of  the 
mercury  in  the  hot  leg  of  the  syphon,  or  the  expansion  which 
it  had  sustained.  The  following  table  shows  the  dilatation  of 
mercury  for  a  degree  centigrade  at  the  Tarious  temperatures 
centigrade,  indicated  in  the  first  column  of  the  table,  and  mear 
sured.by  an  air  thermometer. 

Temperature  indicated  by    ' 
.Temperature.  Expansion  of  mercury.  the  dilatations  of  the  g 

supposed  uniform. 

0°  0  ■.      0-00 

100  WW  100.00 

200  :„Vt  204-61 

300  3^^  314-16 

From  these  experiments  we  learn,  that  if  we  employ  an  air 
thermometer  to  measure  the  temperature,  and  if  we  suppose  the 
expansion  of  air  to  be  equable,  or,  in  other  words,  that  equal 
increments  of  heat  occasion  equal  increments  of  bulk,  then  mer- 
cury is  more  expanded  by  heat  at  high  temperatures  than  at  low 
temperatures,  or  its  expansibility  slowly  increases  as  the  temper- 
ature augments.  This  rate  increases  so  slowly  that  between 
32°  and  212°  it  sensibly  corresponds  with  the  expansion  of  air; 
80  that  we  may  consider  the  expansion  of  mercury  as  equable 
up  to  the  temperature  of  212^.  Between  212°  and  392°  there  is 
a  small  increase  in  the  expansibility.  There  is  another  small 
increase  between  392°  and  682°.  The  first  of  these  increments, 
'as  may  be  seen  by  the  third  column  of  the  preceding  table,  is 
equivalent  to  4-61°  of  the  centigrade  scale.  The  second  incre- 
ment is  equivalent  to  14- 16°  of  the  same  scale.  The  consequence 
of  this  is,  that  200°  centigrade  on  the  air  thermometer  is  the 
•same  as  204-61°  on  the  mercurial  thermometer,  and  300°  on  the 
air  thermometer  the  same  as  314-16°  on  the  mercurial  thermo- 
meter. 

As  we  have  no  other  method  of  measuring  temperature  but 
the  expansion  produced,  it  is  obviously  necessary  in  the  first 
place  to  fix  upon  some  body  as  a  standard  by  supposing  its 
expansion  to  be  equable.  Our  authors  have  maae  choice  of  air. 
They  have  taken  it  for  granted  that  its  expansion  is  equable,  and 
have  been  induced  in  consequence  to  compare  with  it  the  expan- 
sions of  all  other  substances.  When  we  consider  that  it  has 
been  estabUshed  by  experiments  which  appear  satisfactory,  that 
all  gases  undergo  Uie  same  change  of  bulk  by  the  same  incre- 
ments of  heat  between  32°  and  212°;  and  when  we  consider 
Airther  the  peculiar  constitution  of  these  elastic  fluids,  it  will,  I 
think,  be  acknowleged,  that  they  are  at  least  as  Ukely,  if  not 
more  so,  to  expand  equably  when  heated,  as  any  substances  in 
nature ;  yet  I  think  it  a  material  defect  in  the  paper  of  which  I 
am  at  present  giving  an  acount  that  a  rigid  examination  of  this 


Chemistry.  xiii 

point  was  not  undertaken  by  the  authors  of  it.    A  little  conside- 
lation  is  sufficient  to  show  us  that  the  equal  expansibility  of  the 
gases  cannot  be  considered  as  completely  estabUshed.     If  I 
recollect  M.  Gay-Lussac's  experiments  (for  I  have  them  not  at 
present  at  hand  to  consult)  they  were  carried  no  higher  than  the 
temperature  of  212^.     Mr.  Dalton's  were  also  limited  by  that 
tenq)erature.    Now  it  is  obviously  possible,  as  we  see  from  the 
experiments  contained  in  the  paper  before  us,  that  the  expan- 
sions of  the  different  gases  mi^ht  have  agreed  with  each  other 
up  to  212°,  and  yet  have  deviated  from  each  other  at  higher 
temperatures.    Thus  the  expansion  of  air  and  mercury  follows 
the  same  law  up  to  212®,  but  at  392°  a  deviation  is  quite  percep- 
tible, and  at  582°  it  has  become  considerable. 

There  is  a  method  of  deciding  the  question  which  has  been 
long  known  to  chemists,  having  been  originally  tried  by  Dr. 
Brook  Taylor,  and  afterwards  by  Dr.  Black,  and  by  Dr.Cravrford. 
I  am  rather  surprised  that  such  active  experimenters  as  Dulong 
and  Petit,  who  seem  to  have  set  out  with  the  resolution  of  tak- 
ing nothing  for  granted,  did  not  have  recourse  to  it.  To  deter- 
mme  whether  equal  increments  of  expansion  were  occasioned  by 
equal  increments  of  temperature,  the  philosophers  above-men- 
tioned mixed  together  equal  weights  of  water  neatedto  different 
temperatures,  and  observed  whether  the  heat  ofthe  mixture  was 
the  mean  of  the  temperatures  of  the  two  portions  of  water  before 
mixture.  Suppose  they  had  mixed  one  pound  of  water  at  40® 
with  one  pound  of  water  at  100°,  and  that  they  found  the  tem- 
perature ofthe  mixed  liquid  to  be  70°,  they  would  have  concluded 
that  up  to  100°  equal  increments  of  expansion  were  produced  by 
equal  increments  of  temperature.  It  is  well  known  that  Dr. 
Crawford,  from  experiments  made  in  this  way,  concluded  that 
up  to  212°  mercury  expands  equably  when  heated.  This  con- 
clusion is  confirmed  by  the  result  of  the  experiments  stated  by 
Dulong  and  Petit.  Now  it  would  have  been  natural  to  have  had 
recourse  to  a  similar  mode  of  measuring  the  expansion  of  air 
compared  with  the  temperatures  at  heats  considerably  elevated 
above  212®.  Water  could  not  have  been  used  for  the  purpose  ; 
but  the  fixed  oils  would  have  answered  sufficientiy  nearly  to  the 
temperature  of  600°,  and  mercury  could  have  been  used  for  still 
higher  temperatures.  Indeed  a  little  ingenuity  might  have 
enabled  them  to  carry  the  comparison  up  to  a  red  heat  by  means 
of  nmtures  of  lead  or  of  tin ;  and  thus  to  have  settied  a  question 
which  must  still  be  considered  as  a  desideratum  of  very  material 
consequence,  because  it  affects  all  our  measurements  of  temper- 
ature, and  all  our  conclusions  respecting  heat. 

The  dilatation  of  several  solid  bodies  were  compared  by  Dulong 
and  Petit  with  those  of  air  and  mercury.  The  method  was  simple 
and  ingenious.  Having  determined  the  absolute  dilatation  of 
mercuryby  heat,  they  measured  the  dilatation  of  it  in  a  glass 
tube.    The  difference  gave  them  the  absolute  dilatation  of  the 
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flass.  £yery  kind  of.  glass  tried  was  found  to  dilate  the  same, 
'lie  dilatation  of  iron,  copper^  and  platinum/was  determined  by  i 
fixing  rods  of  these  metals  of  known  weights  in  the  centre  of  a  ' 
glass  tube,  shut  at  one  end,  and  filled  wiui  mercury.  The  tube 
was  then  heated  to  different  temperatures,  and  the  expansion  of 
the  mercury  ascertained  by  the  quantity  of  it  driven  out  of  the 
tube.  It  is  obvious  that  the  volume  of  mercury  driven  out  is 
equal  to  the  dilatations  of  tlie  mercury  and  the  metal,  minus  the 
dilatation  of  the  glass.  The  following  table  exhibits  the  absolute 
dilatations  of  these  bodies. 


Temperature 
(Centigrade, 


Absolut^  dUatatioo  of 


200 
300 


Glass. 

,   1 

(54  8  6 
1 

^3  7'6 

1 

6  d  V  8 

Iron. 


'ft  8  ft  0  6 


}tft?6p 


Copper. 


1  d4o6 


TT^TiT 


Platioum. 


,    1    * 

9  7  7  00 


jdad6 


2.  Dilatation  of  Steam  and  other  Vapours. — Last  year  has 
produced  a  valuable  set  of  experiments  upon  the  expansion  of 
steam  and  the  vapours  of  sulpnuric  ether,  alcohol,  naphtha,  and 
oil  of  turpentine,  when  exposed  to  various  temperatures.  These 
experiments  were  made  by  Dr.  Ure,  of  Glasgow,  and  hav^  been 
published  in  the  Philosophical  Transactions  for  1818.  This 
iBubject  had  already  attracted  the  attention  of  Gay'^Lussac  and 
of  Dalton.  But  these  philosophers  did  not  carry  their  experi- 
ments beyond  the  boiling  point  of  water.  Dr.  lire's  experiments 
were  contrived  with  considerable  ingenuity ;  and  if  they  were 

f)erformed  with  the  requisite  attention  to  precision,  were  calcu- 
ated  to  yield  results  sufficiently  accurate.  His  metliod  was  to 
confine  a  ^ven  bulk  of  vapour  in  the  shut  end  of  an  inverted  glass 
gy{>hon  01  the  requisite  length.  This  end  was  surrounded  by  oil 
which  was  riaised  to  the  )requisite  temperature  by  means  of  an 
Argai^d  lamp.  Then  mercury  was  poured  into  the  open  end  of 
the  syphon  till  the  bulk  of  the  vapour  was  reduced  to  its  initial 
bulk.  The  height  of  mercury  in  the  tube  gave  directly  the  elas- 
ticity of  the  vapour  at  the  temperature  observed.  The  great 
difficulty  in  experiments  of  this  nature  is  to  lute  the  vessel  con- 
taining the  oil .  round  the  glass  syphon  so  as  to  prevent  the  oil 
firom  leaking  out.  There  is  also  considerable  difficulty  in  keep-  ' 
ing  the  oil  at  a  fixed  temperature  till  the  requisite  quantity  of 
mercury  be  poured  into  the  tube.  I  instituted  a  set  of  experi- 
ments in  somewhat  a  similar  manner ;  but  with  a  difierent  object 
in  view,  a  good  many  years  ago.  I  found  that  tolerably  accurate 
results  were  obtained  when  three  persons  were  employed  at  once| 
namely,  one  person  to  regulate  tne  temperature  of  the  oil,  and  to 
ascertain  the  bulk  of  the  vapour ;  one  person  to  pour  in  the 
mercury  into  the  open  pnd  pt  tjxe  syphon ;  and  one  person  tQ 
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olbeenre  the  height  of  the  column  of  mercury.  A  fourth  person 
Bat  at  a  table,  and  wrote  down  the  temperature  and  the  corres* 
ponding  heights  of  the  mercury.  These  experiments,  hke  manv 
others '  of  mine  which  I  had  projected,  and  partly  completed^ 
were  interrupted  in  consequence  of  bad  health,  and  I  have  never 
found  leisui*e  or  incUnation  to  resume  them.  If  they  have  been 
of  no  other  use,  they  enable  me  at  least  to  appreciate  with  tole^ 
irable  accuracy  the  degree  of  precision  to  which  experiments 
made  in  this  way  may  be  carried.  The  following  table  exhibits 
the  elasticity  of  steam  at  different  temperatures,  according  to  the 
jresults  given  by  Dr.  Ure. 


Temp. 

Elasticity. 

Temp. 

Elasticity. 

Temp. 

Elasticity. 

Temp. 

Elasticity. 

«4o 

0-170 

165-00 

10-80 

860-0** 

61-90 

i92-3o  ' 

18310 

S2 

6-800 

170-0 

1805 

851-6 

6.S-50 

294-0 

126-70 

40 

0-850 

175-0 

13-55 

854-5 

66-70 

295-6 

130-40 

50 

0*360 

180-0 

15-16 

855-0 

67*25 

295-0 

1^-00 

^55 

0-416 

1850 

1690 

257-5 

69-80 

897-1 

133-90 

eo 

0-516 

190-0 

1900 

860-0 

72-*W 

89M-8 

137*40 

165 

0-630 

1950 

81-10 

860-4 

72-80 

300*0 

139*70 

70 

0-786 

800-0 

83-60 

868-8 

75*90 

300*6 

140-90 

75 

0-360 

805-0 

85  90 

8649 

77-90 

308*0 

144*30 

SO 

1010 

810-0 

88  88 

865-0 

78-04 

SOS-8 

147*70 

35 

1170 

8180 

3000 

867-0 

81-90 

3050 

150*56 

JW 

1-360 

816-6 

33-40 

269-0 

84-90 

306*8 

154*40 

95 

1-640 

880-0 

35-54 

870-0 

86-30 

308-0 

157-70 

100 

1*860 

881-6 

86-70 

271*8 

88-00 

310  0 

161-30 

105 

8-100 

885-0 

39-11 

273*7 

91-80 

311-4 

164*80 

110 

8-456 

886-3 

4010 

875-0 

93-48 

318-0 

167  00 

115 

8-880 

8300 

4:)10 

875-7 

94-60 

Another 

ex  per. 

180 

3-300 

830-5 

43-50 

877-9 

97-80 

.  318-0 

165*5 

185 

3-830 

834-5 

46-80 

879-5 

101-60 

ISO 

4-366 

835-0 

47-88 

2800 

101-90 

135 

5-070 

838-5 

50-30 

881*8 

104-40 

140 

5-770 

840-0 

61-70 

283-8 

107*70 

145 

6-600 

8480 

53  60 

285-8 

118-80 

, 

150 

7  530 

845-0 

56-34 

887*8 

114  80 

155 

8-500  . 

845-8 

57  10 

289-0 

118-20 

160 

9-600 

848-5 

60-40 

890-0 

180-15 

Absolute  precision  would  require  a  small  correction  in  the 
above  table  for  the  dilatation  of  the  glass  tube.  It  is  obvious 
that  the  capacity  of  the  glass  tube  gradually  increases  with  the 
temperature ;  so  that  the  elasticities  given  in  the  table  are  a  little 
below  the  truth ;  and  the  error  increases  with  the  temperature. 
The  absolute  expansion  of  glass,  given  in  a  preceding  part  of  this 
paper,  from  the  experiments  of  DiJong  and  Petit,  will  enable  any 
person  who  is  so  inclined  to  apply  this  correction. 

Dr.  Ure's  empirical  formula  for  representing  the  elasticity  of 
steam  at  different  temperatures,  which  has  been  explained  in 
the  Annals  of  Philosophy^  vol.  xiii.  p.  215,  is  very  simple  and 
ingenious,  and  must  be  of  considerable  use  to  engineers  in  calcu- 
latmg  the  force  of  steam  at  different  temperatures.  It  is  as 
follows :  Let  n  represent  the  number  of  decades  s^bove  or  below 
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210®  of  the  degree  at  which  the  elasticity  of  steam  is  reqtdred. 
Let  r  =  the  mean  ratio  between  210°  and'  the  temperature  at 
which  the  elasticity  of  the  steam  is  required.    Then  28*9  +  n  . 
log.  r  s=  log.  of  the  elasticity  required.     Above  210°  we  add  . 
below  210°,  we  subtract  n  log.  r. 

The  following  table  exhibits  the  elasticity  of  the  other  vapours 
examined  by  Dr.  Ure. 


Ether. 

Alcohol,  Sp 

.  Gr.  0-813. 

Naphtha. 

on  ofTorpeotiiie   \ 

Temp. 

1 

Blast. 

Temp. 

Elast. 

Temp. 

Elast. 

Temp. 

Blast. 

Temp. 

BlasU 

340 

6-20 

320 

0-40 

173-00 

30-00 

3160 

3000 

304-0° 

30*00 

44 

810 

40 

0-56 

178-3 

33-50 

320 

31*70 

307*6 

32-60 

54 

10-30 

45 

0-70 

180-0 

34-73 

325 

34-00 

310*0 

93-50 

64 

13-00 

50 

0-86 

182-3 

36-40 

330 

36-40 

315-0 

36-20" 

T4 

16-10 

55 

100 

185-3 

39-90 

335 

38-96 

320*0 

37*06     . 

84 

2000 

60 

1-23 

190-0 

43-20 

340 

41*60 

322-0 

87*80 

94 

24-70 

65 

1-49 

1933 

46*60 

345 

4410 

326-0 

40'80 

104 

3000 

70 

1-76 

196-3 

50-10 

350 

46-86 

330*0 

42*10 

2d 

Ether. 

75 

210 

200-0 

5300 

355 

50-20 

336-0 

45-00 

105 

3000 

SO 

2-45 

2060 

60-10 

360 

53-30 

340-0 

47-30 

110 

32-54 

85 

2-93 

2100 

65-00 

365 

56-90 

34S0 

49-40 

115 

35-90 

90 

3-40 

214-0 

69-30 

370 

60-70 

347-0 

51-70 

120 

39-47 

95 

3-90 

216-0 

72-20 

372 

61-90 

350-0 

53-80 

125 

43-24 

100 

4-50 

2200 

78-50 

375 

64-00 

3540 

56-60 

130 

47-14 

105 

5-20 

225-0 

87-50 

357-0 

58-70 

135 

51-90 

110 

6-00 

2300 

94-10 

360*0 

60*80 

140 

56-90 

115 

710 

2320 

97-10 

362*0 

62-40 

145 

62-10 

120 

8-10 

2360 

103-60 

. 

150 

67-60 

125 

9-25 

2380 

106-90 

155 

73-60 

130 

10-60 

248-0 

111-24 

160 

80-30 

135 

12-15 

240-0 

118  20 

- 

165 

86-40 

140 

13-90 

247  0 

122-10 

170 

92-80 

145 

15-95 

248-0 

12610 

175 

99  10 

150 

1800 

249- T 

131-40 

180 

;  108-30 

155 

20-30 

250-0 

132-30 

185 

16-10 

160 

22-60 

252-0 

138-60 

1 

^ 

190 

24-80 

165 

25-40 

254-3 

143-70  ! 

195 

33-70 

170 

28-30 

258-6 
260-0 
2620 
264  0 

151-60 
155-20 
161-40 
166-10 

- 

3.  Specific  Heat  of  Solids  at  different  Temperatures. — Thdt 
every  substance  has  a  specific  heat  peculiar  to  itself^  or  that 
every  substance  requires  a  quantity  of  heat  peculiar  to  itself,  in 
order  to  produce  a  given  change  of  temperature,  was  first 
pointed  out  by  Dr.  Black.  Experiments  to  determine  the  spe- 
cific heat  of  bodies  were  afterwards  made  by  Dr.  Crawford  and 
Mr.  Wilke,  by  Lavoisier  and  Laplace,  and  more  lately  by  Mr. 
Dalton.  But  it  was  not  agreed  upon,  whether  the  specific  haat 
of  the  same  body  remains  permanent  at  different  temperatoreid, 
or  whether  it  does  not  vary  according  to  some  particular  law. 
Dr.  Crawford  made  a  set  of  experiments  to  prove  that  it  remains 
unaltered  at  all  temperatures  as  long  as  a  body  does  not  change 
its  state ;  and  Dr.  Irvine's  theory  of  heat  depended  in  a  grea^ 
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measure  upon  the  accuracy  of  this  opinicm.  Mr.  Dalton,  with- 
out any  direct  experiment,  has  taken  it  for  granted  as  a  conse- 
quence of  his  peculiar  views  respecting  heat,  that  the  specific 
heat  of  every  body  increases  with  the  temperature ;  while  Dr. 
Ure,  from  a  set  of  experiments  given  in  his  elaborate  paper  on 
heat,  pubUshed  in  the  Phil.  Trans,  for  1818,  concludes,  that  the 
specific  heat  of  bodies  diminishes  as  the  temperature  increases. 
Dulong  and  Petit,  in  their  prize  dissertation,  so  frequently  men- 
tioned in  the  preceding  part  of  this  sketch,  have  detailed  a  set  of 
experiments  made  upon  eight  different  soUd  bodies  on  purpose  to 
decide  this  long  agitated  question.  The  experiments  seem  to 
have  been  made  with  great  care.  The  method  followed  was  the 
one  originally  suggested  by  Dr.  Black,  and  followed  by  Dr. 
Crawford  ana  Mr.  wilke.  The  soUd  substance  was  raised  to  the 
reauisite  temperature  by  plunging  it  in  oil  or  mercury,  and  then 
suddenly  immersed  in  so  great  a  quantity  of  water  that  this  Uquid  . 
was  only  elevated  a  few  centigrade  degrees  by  the  heat  commu- 
nicated by  the  soUd.  The  water  was  contained  in  a  thin  .vessel 
of  tin-pl8d;e  standing  on  foiu*  isolated  points.  In  general,  the 
water  was  cooled  as  many  degrees  below  the  temperature  of  the 
room  as  the  soUd  was  capable  of  raising  it ;  and  when  this  was 
not  the  case,  a  correction  was  applied  for  the  heat  dissipated 
during  the  experiment.  Knowing  tne  weights  and  temperatures 
of  the  soUd  and  the  water  before  the  experiment,  and  the  change 
of  temperature  produced  on  the  Uquid  by  plunging  the  solid  into 
it,  it  was  easy  to  determine  the  specific  heat  of  the  solid ;  that 
of  water  being  as  usual  reckoned  unity.  But  the  accuracy  of 
such  experiments  depends  upon  the  precision  with  which  the 
temperatures  are  determined.  Dulong  and  Petit  employed  a 
thermometer  capable  of  indicating  tu-qUI  of  a  centigrade  degree, 
and  of  such  a  size  as  to  give  the  mean  temperature  of  the  liquid 
examined.  The  following  table  exhibits  the  specific  heats  of  the 
different  solids  tried  at  the  different  temperatures  indicated 
by  a  centigrade  air  thermometer. 


Solidi. 

Between  (P 
and  lOOo. 

Specific 

Between  (P 
and  200^. 

IIeati. 

Between  0° 
and  300°. 

Between  0» 
and  350°. 

Iron  •.••••••.. 

0-1098 
0-0330 
0-0927 
0-0507 
0-0567 
0-0949 
0-0355 
0-1770. 

0-1150 

0-1218 
0-0350 
0-1016 
0-0549 
0-0611 
01013 
0-0355 
0-1900 

0-1256 

Mercury 

Zinc .  •  •  • 

Antimony 

Silver 

Copper 

Platinum   

Gla38 

V0L.XflI. 

• 

b 
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We  see  from  this  table,  that  the  specific  heat  of  each  of  these 
eight  soUds  (unless  platinum  be  an  exception)  increases  with  the 
temperature.  Whether  this  increase  of  capacity  be  owing  to  the 
mcrease  of  dilatibility  (the  cause  assigned  by  Dalton)  cannot  be 
considered  as  decided ;  but  the  experiments  '  of  Dulong  and 
Petit,  so  far  as  they  go,  tally  very  v^  ell  with  such  an  opinion. 
Platinum  increases  the  least  in  its  dilatibility  by  heat ;  it  under- 
goes also  the  smallest  augmentation  of  its  specific  heat.  The 
order  of  the  increase  of  the  dilatibiUty  of  the  other  metals  tried 
is,  mercury,  copper,  iron.  Now  thesQ  metals  follow  the  same 
order  in  tne  increase  of  their  specific  heat.  But  it  would  be 
requisite  to  make  a  set  of  experiments  on  purpose  on  a  greateir 
number  of  bodies,  and  at  higher  temperatures,  in  order  to  obtain 
a  satisfactory  solution  of  this  intricate  question. 

4.  Latent  Heat  of  Vapours. — It  is  universally  known  that  Dr. 
Black  first  pointed  out  that  when  liquids  are  converted  into 
vapours,  a  considerable  quantity  of  heat  becomes  lat^U ;  and 
there  could  be  no  doubt,  firom  a  variety  of  obvious  phenomena^ 
that  every  vapour  has  a  latent  heat  pecuUar  to  itself.  But 
though  nearly  60  years  have  elapsed  since  the  original  discovery 
of  this  curious  and  important  fact,  I  am  not. aware  of  any  expe* 
riments  to  determine  the  latent  heats  of  different  vapours,  except 
those  by  Mr.  Watt  to  determine  the  latent  heat  of  steam.  These 
experiments  have  been  lately  printed ;  but  as  they  are  not  yet, 
1  believe,  pubhshed,  I  do  not  consider  myself  at  hberty  to 
give  an  account  of  them  here.  Count  RumK)rd  also  pubUshed  a 
set  of  experiments,  by  which  he  ascertained  the  latent  heat  of 
steam  and  of  alcohohc  vapour.  These  latent  heats  are  as 
follows : 

Steam 1040-8^ 

Vapour  of  alcohol,  between   477'0°  and  500® 

In  this  deficiency  of  experiments,  those  who  are  interested  in  the 
subject  he  under  considerable  obligations  to  Dr.  Ure  for  a  set  of 
experiments  which  he  has  given  in  his  paper  on  heat  printed  in  the 
Phil.  Trans,  for  1818.  His  mode  of  proceeding  was  to  distil  a 
given  weight  of  the  liquid,  the  specific  heat  of  whose  vapour  was 
to  be  determined  into  a  receiver  surrounded  by  a  known  weight 
of  water,  and  to  estimate  the  specific  heat  of  the  vapour  by  the 
increase  of  temperature  which  the  water  sustained.  As  no  culow- 
ance  was  made  for  the  heat  dissipated  during  the  experiment,  it 
is  obvious  that  the  latent  heats  given  by  Dr.  Ure  are  below  the 
truth.  Perhaps  they  will  approach  pretty  nearly  the  true  num* 
bers  if  we  increase  them  by  about  yig-th.  The  following  tabitt 
exhibits  the  results  of  Dr.  Ure's  experiments^ 

Steam 967-000** 

Vapour  of  alcohol 442-000 


Vapoitf  of  sulphuric  ether  ...•;...  302*379^ 

naphtha *...4...  177-870 

oil  of  turpentinie 177-870 

nitric  acid  (sp.  gr.  1^494)  531-990 

ammonia  (sp.  gr.  0-978) .  837-280 

~  vinegar  (sp.  gr.  1*007) . .  876*000 

* 

The  latent  heats  of  the  vapours  of  the  last  three  liquids  in  this 
table  are  obviously  composed  of  the  latent  heat  of  the  acids^  and 
the  alkati  supposed  in  a  state  of  purrtv^  and  of  the  steam  of  thd 
water  with  wnich  these  bodies  are  united  in  the  Uquids  distilled. 
There  is  probably  an  error  in  the  estimation  of  the  latent  heat  of 
vinegar.  The  best  vinegar  that  I  ever  met  with  contained  only 
about  six  per  cent,  of  acetic  acid.  Now  I  can  hardly  believe 
that  so  small  a  quantil^  could  lower  the  latent  heat  of  steam 
almost  a  ninth  part.  This  Surely  could  scarcely  happen  even  if 
we  were  to  suppose  that  acetic  acid  in  the  state  of  vapour  has  no 
latent  heat  at  all. 

6.  Laws  of  Cooling. — Newton  was  the  first  person  who  gave  a 
theory  of  the  cooUng  of  bodies.  He  took  it  for  granted  that  the 
quantity  of  heat  lost  by  a  body  in  given  small  times  was  proporr 
tional  to  that  which  the  body  retained  (considering  the  heat  of 
the  body  to  be  the  excess  of  its  temperature  aoove  that  of 
surrounding  air).  Hence  it  followed  tbat  if  the  times  of  cooling 
were  taken,  in  arithmetical  progression^  the  losses  of  heat  ought 
to  form  a  decreasing  geometrical  progression.  Trusting  to  the 
accuracy  of  this  principle,  he  calculated  the  melting  points  of 
lead,  tin,  and  various  other  bodies,  by  observing  a  red-hot  piece 
of  iron  on  which  these  metals  were  placed,  and  noting  the  times 
when  they  respectively  became  soUd.  When  the  iroh  became 
cold  enough  to  admit  the  application  of  a  thermometer,  he 
apphed  that  instrument,  and  measured  the  times  of  cooling,  till 
the  metal  acquired  the  temperature  of  the  surrounding  air.  He 
then  calculated  backwards  to  determine  the  initial  temperature 
of  the  red  hot  iron,  and  the  temperatures  at  which  the  respective 
metaUic  bodies  attached  to  the  iron  lost  their  fluidity. 

In  the  year  1739,  Dr.  Martine,  of  St.  Andrew's,  published  a 
very  ingenious  paper  on  the  heating  and  cooling  of  bodies,  in 
which  he  showed,  by  a  great  number  of  experiments,  made  both 
by  himself  and  by  Muscnenbroek,  that  the  Newtonian  law  does 
not  hold  correctly  ;  that  bodies  cool  more  rapidly  than  that  law 
supposes ;  and  that  if  it  were  rigidly  accurate,  hot  bodies  would 
take  an  infinite  time  to  cool  down  to  the  temperature  of  the 
surrounding  air.  But  a  few  years  later,  Kraft  and  Richman 
endeavoured  to  demonstrate  the  truth  of  the  Newtonian  law  by 
experiments.  And  notwithstanding  the  various  evidences  that 
have  been  produced  from  time  to  time  of  the  inaccurary  of  that 
law,  it  has  continued  to  be  admitted  by  chemists  in  gener^, 
and  constituted  the  basis  of  the  experimental  investigations  of 
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Irvine,  Crawford,  and  even  of  Leslie.    Dulonsand  Petit  hare  at 
last  undertaken  to  investigate  the  subject,  and  have  published  a 
most  elaborate  and  intricate  set  of  experiments,  of  which  I  shall 
endeavour  to  give  an  account  here.     I  cannot  say  that  I  am 
quite  satisfied  with  these  experiments.    They  seem  to  me  to 
want  the  requisite  simpUcity ;  nor  am  I  quite  convinced  by  the 
mode  followed  to  establish  some  of  the  most  important  of  the 
conclusions.    I  hope,  therefore,  that  Mr.  LesUe,  or  Mr.  Dalton, 
will  resume  this  most  important  subject,  and  endeavour  to  settle 
a  preUminary  question  upon  which  the  whole  doctrine  of  heat,  as 
far  as  it  is  the  subject  of  experiment,  in  a  great  measure  depends. 
Dulon^  and  Petit  employed  the  bulbs  of  mercurial  thermome- 
ters as  the  hot  bodies,  which  they  allowed  to  cool  in  different 
circumstances.  They  previously  proved,  by  a  set  of  experiments, 
that  the  law  of  coohng  continues  the  same,  though  the  size  of  the. 
body  to  be  cooled  vanes,  and  that  alterations  in  the  shape  of  the 
hot  body  are  immaterial,  as  they  do  not  affect  the  law  of  cooUng. 
It  woula  appear  from  their  experiments  that  the  velocityof  cool- 
ing is  nearly  inversely  as  the  diameter  of  the  bulb.    This  had 
been  stated  by  Newton  to  be  the  casein  his  Principia.  And  Dr. 
Martine  had  verified  the  law  by  a  set  of  experiments,  which, 
though  not  very  precise,  were,  however,  sufficiently  so  to  show 
that  the  rate  of  cooling  was  sensibly  as  the  law  established  by 
Newton. 

They  found  that  the  law  of  cooling  was  the  same  when  mercury, 
water,  alcohol,  and  sulphuric  acid,  were  employed.  From  this 
they  have  been  led  to  conclude  that  all  liquias  cool  according  to 
the  same  law,  and  that  the  cooling  of  a  liquid  mass  is  subjected 
to  the  same  law  as  a  body  of  infimtely  small  dimensions. 

But  when  the  vessel  employed  to  hold  the  hot  Uquid  is  varied, 
the  law  of  cooUng  varies  alon^  with  it.  Thus  the  law  of  cooling 
of  a  tin  pkte  was  found  to  be  more  rapid  than  that  of  a  glass 
sphere.  This  had  been  observed  by  Mr.  LesUe,  and  led  him  to 
conclude  that  the  law  of  cooUng^  is  most  rapid  in  those  that 
radiate  heat  least.  Dulong  and  Fetit  assure  us,  that  this  is  the 
case  within  the  limits  of  the  thermometric  scale  in  which  Mr. 
LesUe's  experiments  were  made,  but  that  the  reverse  takes  place 
at  high  temperatures. 

The  first  object  to  which  our  authors  directed  their  attention, 
after  these  preliminary  investigations,  was  the  law  of  cooling  in 
vacuo  ;  and  as  this  law  varies  with  the  surface  of  the  hot  body,, 
they  investigated  it  when  the  surface  of  the  bulb  of  the  thermo- 
meter was  glass,  one  of  the  substances  which  radiates  heat  best, 
and  when  it  was  coated  with  silver,  one  of  the  substances  which 
radiates  heat  worst.  As  it  was  impossible  to  make  experiments  in 
a  perfect  vacuum,  they  endeavoured  to  determine  the  quantity  of 
heat  which  was  carried  off  by  the  small  residuum  of  air  remaining 
in  the  balloon.  This  was  estimated  by  means  of  a  set  of  experi- 
ments made  in  air  of  different  degrees  of  rarity,  estimating  the 
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rate  of  cooling  in  each  degree.  Thus  they  were  enabled  to 
appreciate  the  portion  of  heat  carried  off  by  the  small  quantity 
of  air  remaining  in  the  balloon,  and  hence  to  determine  the  rate 
of  cooling  in  an  absolute  vacuum.  I  have  no  doubt  that  this 
method  of  proceeding  will  appear  unsatisfactory  to  Mr.  LesUe. 
He  has  given  it.  as  the  result  of  his  experiments,  that  what  is 
called  radiation  of  heat  is  merely  heat  carried  off  by  the  air.  It 
follows  as  a  consequence,  I  conceive,  from  this  opinion,  that  in 
an  absolute  vacuum  hot  bodies  would  not  cool  at  all.  Dulong 
and  Petit  have  not  only  admitted  the  possibility  of  their  cooUng; 
but  have  even  calculated  the  law  according  to  which  they  do 
cool  in  vacuo.  Now  as  cooUng  in  an  absolute  vacuum  can  only 
take  place  in  consequence  of  radiation  in  the  strictest  sense  of 
the  word,  it  follows  as  a  cpnsequence,  if  their  mode  of  reasoning 
be  accurate,  that  heat  is  actuallv  radiated  from  the  surface  of 
bodies,  and  not  ciarried  off,  as  Mr.  LesUe  supposes,  by  aerial 
pulses. 

If  the  common  notion  of  radiation  be  correct,  it  is  obvious  that 
the  cooling  of  a  hot  body  in  vacuo  must  be  the  consequence  of 
the  excess  of  its  radiation  above  that  of  the  surface  wnich  sur- 
rounds  the  vacuum.  It  occurred  to  our  authors  to  examine  the 
rate  of  cooling,  when  the  temperature  of  this  surface  was  made 
to  vary.  From  five  sets  of  experiments  which  the  reader  will 
find  given  in  the  Annak  of  Philosophy^  xiii.  243,  it  appears  that 
the  rapidity  of  cooUng  increases  as  the  temperature  of  the  sur- 
rounding surface  increases.  This  seems  to  me  a  very  extraordi* 
nary  fact.  I  do  not  know  well  how  it  can  be  reconciled  to  the 
commonly  received  doctrine  of  radiation.  I  wish  very  much, 
therefore,  to  see  these  experiments  repeated  and  verified.  Our 
authors  have  expressed  this  very  curious  law  in  the  following 
manner: 

"  The  velocity  of  cooling  of  a  thermometer  in  vacuo  for  a  con- 
stant excess  of  temperatuire  increases  in  a  geometrical  progression 
when  the  temperature  of  the  surrounding  medium  increases  in  an 
arithmetical  progression.  The  ratio  of  this  geometrical  progres- 
sion is  the  same,  whatever  be  the  excess  of  temperature 
considered." 

The  law  of  cooling  in  vacuo,  which  our  authors  discovered  by 
means  of  the  experiments  just  alluded  to,  they  express  by  the 
following  proposition : 

"  When  a  body  cools  in  vacuo,  surrounded  by  a  medium 
whose  temperature  is  constant,  the  velocity  of  cooUng  for  excess 
of  temperature  in  arithmetical  progression  increases  as  the  terms 
of  a  geometrical  progression  diminished  by  a  constant  quantity.'' 
And  this  law  holds  whether  the  surface  of  the  cooUng  body  be 
glass  or  silver. 

If  we  were  to  suppose  a  body  cooUng  in  vacuo  simply  by 
radiation,  and  not  to  receive  any  heat  by  radiation,  then  the 
rate  of  cooUng  would  follow  the  terms  of  a  georaetncal  «^t\^«  *^ 
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or  it  would  correspond  with  the  Newtonian  law.  The  reason 
why  it  deviates  from  this  law  is  the  quantity  of  heat  which  it 
receives  by  radiatioi^  during  the  process  of  cooling.  This  quan'- 
tity  must  be  constant  if  we  suppose  the  temperature  of  the 
surrounding  surffice  tp  be  constant.  Hence  the  reason  of  the 
constant  quantity  by  which  the  geometrical  series  musjt  be  dimi- 
nished. The  reader  will  see  by  turning  to  the  Annals  of 
Philosophy y  xiii.  245,  how  wpU  the  formula  deduced  from  this 
Jaw  of  cooling  in  vacuo  agrees  with  the  results  of  the  experi* 
ments  made  by  our  authors  on  this  subject. 

Having  thus  determined  the  law  of  cooUng  in  vacuo,  or  by 
simple  radiation,  the  next  subject  of  investigation  was  the  law  of 
cooling  in  air,  or  any  other  elastic  fluid.  It  is  obvious  that  the 
cooUng  in  such  cases  is  a  comphcated  process.  Part  of  the 
heat  radiates  from  the  body,  just  as  it  does  in  vacuo,  and  another 
portion  of  it  is  carried  off  by  the  conducting  power  of  the  elastic 
fluid.  The  effect  of  this  last  in  cooUng  the  body  is  easily  deter- 
mined by  subtracting  from  the  rate  of  cooling  in  the  elastic  fluid 
the  rate  of  cooUng  in  vacuo.  The  remainder  obviously  gives 
the  heat  carried  off  by  the  conducting  power  of  the  elastic  fluids. 
This  last  quantity  is  not  affected  by  the  nature  of  the  smface  of 
the  hot  body,  which  is  known  to  have  so  great  an  effect  iipoa 
radiation,  Our  authors  tried  the  cooling  of  one  of  their  thermo- 
meters in  air  and  in  hydrogen  gas,  both  when  the  surface  of  the 
bulb  was  glass,  and  when  it  was  silver.  The  portion  of  heat  lost 
by  ca^duction  was  in  both  cases  the  same* 

By  another  set  of  experiments,  they  have  established  that  the 
rate  of  cooling,  due  tp  the  conduction  of  eUstic  fluids  alonei 
remains  the  same  while  the  elasticity  of  the  elastic  fluid  conti- 
nues unaltered  for  the  same  differences  of  temperature  between 
the  hot  body  ^.nd  the  elastic  fluid,  whether  the  initial  tempera- 
ture of  the  elastic  fluid  be  high  or  low.  This  law  they  nave 
expressed  in  the  following  manner: 

*'  The  velocity  of  cophng  of  a  body,  due  to  the  sole  contact 
of  a  gas,  depends^  for  the  same  excess  of  temperature,  on  the 
density  and  temperature  of  the  fluid ;  but  this  dependance  ia 
such  that  the  velocity  of  cooling  remains  the  same,  if  the  density 
imd  the  temperature  of  the  gas  change  so  that  the  elasticity 
remains  constant." 

The  effect  of  variations  in  the  elasticity  of  the  gas  was  then 
tried  hy  cooUng  the  thermometer  in  air  and  other  gases  of  the 
elastipities  1,  -t,  ^,  -fj  -iV*  From  these  experiments  our  authors 
^avp  drawn  the  following  conclusions ; 

**1.  The  law  accordine  to  which  the  velocity  of  cooling  by 
the  contact  of  elastic  fluids  varies  with  flie  excesses  of  tempera- 
ture remains  the  samey  whatever  be  the  elasticity  of  the  air." 

"  2.  If  the  elasticity  of  the  elastic  fluid  varies  in  a  geometrical 
progression,  its  cooUng  power  changes  hkewise  in  a  geometrical 
progression ;  so  th?vt  when  the  ratio  of  the  first  progression  is  2, 
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-that  of  the  second  is  1*366,  for  air;  1*301  for  hydrogen  gas; 
1*431  for  carbonic  acid  gas  ;  and  1*415  for  defiant  gas." 

It  would  appear  from  this  that  the  cooling  power  of  a  gas  is 
proportional  to  a  certain  power  of  its  elasticity,  which  power  is 
difierent  for  every  gas.  For  hydrogen  it  is  0*38 ;  for  air  0*45  ; 
for  carbonic  acid  gas  0*617  ;  and  for  defiant  gas  0*501.  Now 
as  these  fttst  three  numbers  differ  but  little  from  0*5,  we  may  say 
that  in  the  gases  to  which  they  belong,  the  cooling  power  is 
proportional  to  the  square  root  of  the  elasticity. 

If  we  reckon  the  cooUng  power  of  air  at  a  given  elasticity  to 
be  =  1,  then  the  cooUng  power  of  hydrogen  gas  in  the  same 
circumstances  is  =  3*45,  and  thatfof  caibonic  acid  gas  =  0*965. 
But  these  numbers  will  change  witli  the  elasticity  of  these  three 
gases^ 

I  shall  not  attempt  any  further  account  of  the  results  obtained 
by  Dulong  and  Petit.  The  termination  of  their  paper  has  been 
inserted  so  lately  in  the  Antuzls  of  PhUosop/iy  that  it  must  be 
fresh  in  the  recollection  of  all  my  readers  ;  and  1  find  it  very 
difficult  to  make  their  conclusions  intelligible  without  introduce 
ing  the  algebraic  formulas  by  which  they  have  expressed  them. 
This  I  have  endeavoured  to  avoid  for  two  reasons.  First, 
because  I  wished  to  make  the  subject  intelligible  to  those  read- 
ers who  are  not  acquainted  with  mathematics ;  and,  secondly, 
because  I  could  not  well  have  given  the  formulas  without  intro- 
ducing the  tables  on  which  these  formulas  were  founded,  which 
would  have  swelled  this  artide  greatly  beyond  the  hmits  which  I 
can  spare  for  it. 

6.  Production  of  Cold, — It  is  well  known  that  cold  is  produced 
by  mixing  together  two  solid  substances,  which,  by  their  mutual 
action,  are  converted  into  Uquids.  During  the  liquefaction,  the 
heat  of  hquidity  is  rendered  latent,  which  occasions  the  cold. 
Hence  the  cold  produced  is  limited  by  the  latent  heat  of  the 
solid  body  to  be  converted  into  a  hquid  ;  and  this  solid  body  is 
in  all  cases  ice.  Now  the  latent  heat  of  water  is  not  very  consi- 
derable. The  cold  produced  can  never,  exceed  it;  and  indeed 
from  the  obvious  circumstances  of  the  experiment,  it  never  can 
even  approach  it.  The  latent  heat  of  elastic  fluids  is  much  more 
considerable.  When  air  is  suddenly  condensed  to  the  fifth  part 
of  its  natural  bulk,  the  heat  evolved  is  sufficient  to  kindle  tindery 
a  temperature  which  must  be  higher  than  600°  of  Fahr,  When 
this  air  is  suddenly  allowed  to  expand  to  its  original  bdk,  it 
resumes  and  renders  latent  all  the  heat  which  it  had  lost  by  com- 
pression. Hence  if  the  temperature  could  be  mjeasured  by  a 
thermometer,  it  would  be  found  to  sink  at  least  600°.  What  a 
prodigious  cold  then  would  be  generated  by  suddenly  setting  at 
liberty  air  condensed  to  the  tiflieln  or  hundredth  part  of  its 
original  bdk  ?  Gay-Lussac  has  proposed  this  as  a  method  of 
producing  cold  without  limit.  There  can  be  no  doubt  that  the 
cold  produced  by  this  method  may  be  increased  without  limit ; 
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but  we  are  afraid  from  the  momentary  nature  of  the  temperature 
thus  evolved,  and  the  insignificant  weight  of  air  when  compared 
with  that  of  other  bodies,  that  it  womd  produce  but  very  Httle 
effect  on  even  the  most  deUcate  thermometer.— (Ann.  de  Chim. 
et  Phys.  ix.  305.) 

7.  Melting  Point  of  BismiUh,  Tin,  and  Lead. — The  meltine 
point  of  every  particular  substance  has  been  hitherto  ^nsidered 
as  perfectly  nxed,  when  other  circumstances  remain  the  same. 
Sufficient  attention  has  not  been  paid  to  a  fact  which  has  been 
very  o-ten  observed  in  water;  but  which  appears  not  to  be  pecu- 
liar to  that  liquid.  Water  may  be  cooled  down  a  good  many 
degrees  below  the  freezing  point  without  congeaUng.  I  have 
sunk  it  nearly  to  zero  by  cooling  it  in  thermometer  tubes ;  but 
the  instant  it  begins  to  congeal,  it  starts  up  to  the  temperature 
of  32®.  In  like  manner,  as  we  learn  from  the  experiments  of  Mr. 
Crichton,  bismuth  always  sinks  8**  below  its  fusing  point  before 
it  begins  to  congeal ;  but  the  instant  the  congelation  begins,  it 
starts  up  to  its  true  fusing  point.*  Tin  always  sinks  4°  below 
its  congealing  point,  and  starts  up  to  it  again  the  instant  it 
begins  to  congeal.  At  the  congealing  point  the  thermometer 
remains  long  stationary,  indicating  that  the  congelation  is  going 
on  slowly  and  regularl^.  Lead,  on  the  other  hand,  does  not  sink 
at  all  sensibly  below  its  point  of  congelation  {Anuals  of  Philoso^ 
phy^  xiii.  224).  I  considei:  this  curious  circumstance  to  depend 
Ifipon.the  latent  heat  of  these  bodies.  The  subject  is  entitled 
to  a  much  fuller  investigation  than  it  has  yet  received. 

85  Boiling  Point  ofJLiquids. — It  has  been  long  known  that 
when  water  is  heated  in  a  glass  vessel  it  boils  much  less  equably 
than  it  does  in  a  metallic  vessel.  The  temperature  is  raised  a 
degree  or  two  above  the  regular  boiling  point ;  then  a  torrent  of 
steam  rushes  up  through  it,  and  the  temperature  sinks  a  little. 
This  is  repeated  during  the  whole  continuance  of  the  process, 
and  the  temperature  continues  always  vibrating  between  two 
points,  distant  two  or  three  degrees  from  each  other,  If  a  few 
slips  of  platinum  wire,  or  indeed  of  any  other  metal,  are  put  into 
the  glass  vessel,  these  vibrations  are  prevented,  and  the  water 
boils  regularly,  as  it  does  in  a  metallic  vessel  when  it  has  reached 
the  boiling  point.  The  cause  of  this  difference  has  not  yet  been 
eccp;^nted  for  in  a  satisfactory  manner.  We  owe  some  late  inge- 
nious speculations  on  the  subject  to  M.  Gay-Lussac,  which  I 
think  it  unnecessary  to  repeat  here,  as  they  have  been  ipserted 
sfn  the  Annals  of  Philosophy,  xii.  131,  to  which  the  reader  is 
referred. 

9.  Lamp  witJ^out  Flame, — The  only  other  set  of  facts  con 


*  Cbetnists  are  not  agreed  about  the  true  meltiDg  point  of  this  metal. 
Crichton,  of  Glasgow,  fixes  U  at  476°,  which  1  am  disposed  f«  adopt  from 
known  precision  of  thjs  ex<:e1lQn^  artist.  Berzeli us  makes  the  melting  point  43 


Mr 
from  th« 
ling  point  451^°; 
Tbenard,  492° :  and  Gay-Lussac,  ^41°  (Ann.  de  Chim.  et  Phys.  ix.  308).    This  last 
Aunber  must  be  verV  e^roheoni.  ~  * 


nected  with  ZigA/ or  Afo/ that  it  seems  requisite  tanotice  are  some 
which  originated  from  the  curious  discovery  made  some  yean 
ago  by  Sir  H.  Davy,  that  a  fine  platinum  wire  if  plunged  red-hot 
into  mixtures  of  some  of  the  inflammable  gases  and  oxygen,  or 
into  mixtures  of  the  vapour  of  alcohol  or  ether  with  common,  air, 
continues  red-hot  till  the  combustible  bpdies  are  consumed.  In 
this  case  the  combustion  goes  on  without  flame,  sufficient  heat 
being  evolved  to  keep  the  wire  red-hot.  This  curious  discovery 
was  soon  after  adapted  to  a  common  spirit  lamp ;  and  such  lamps 
being  at  present  quite  common  in  this  country,  it  seems  unne- 
cessary to  give  any  description  of  them  here.  Davy  has  lately 
ascertainea  that  the  vapour  of  camphor  may  be  employed  instead 
of  that  of  ether  or  alcohol  for  this  experiment. 

Mr.  Dalton  and  Dr.  Henry  have  examined  whether  in  combus- 
tions carried  on  in  this  way  the  carbon  of  the  alcohol  be  converted 
into  carbonic  acid,  or  into  some  gaseous  compound,  containing 
less  oxygen.  The  result  of  their  experiments  was,  that  no  other 
compound  of  carbon,  except  carbonic  acid,  was.  formed.— 
(Armah  of  Philosophy y  xii.  245.) 

II.  SUPPORTERS. 

Very  little  addition  has  been  made  during  the  course  of  1818 
to  the  knowledge  which  we  already  possessed  respecting  these 
bodies.  The  omy  new  facts  that  I  am  aware  of  are,  one  respect- 
ing iodine,  by  Lampadius,  and  a  numerous  set  of  experiments  on 
cyanogen,  by  VauqueUn.  This  substance,  though  not  strictly 
speaking  a  supporter  of  combustion,  yet  seems  to  be  entitled  to  a 
place  very  near  them,  as  it  unites  with  hydrogen,  and  forms  with 
It  an  acid,  as  is  the  case  with  all  the  supporters,  except  oxygen* 
I  am  induced  on  that  account  to  place  the  new  facts  discovered 
respecting  it  by  VauqueUn  under  the  title  which  stands  at  the 
head  of  this  paragraph. 

1.  Iodine. — Lampadius  has  ascertained  that  iodine  dissolves 
with  great  faciUty  in  sulphuret  of  carbon,  ^ving  it  a  dark  reddish- 
brown  colour.  One  grain  gives  a  deep  tinge  to  1000  gi*.  of  the 
liquid. 

2.  Cyanogen. — ^Water,  as  is  well  known,  dissolves  about  four 
and  a  naif  times  its  bulk  of  cyanogen  gas.  Water  thus  impreg- 
nated is  transparent  and  colourless,  nas  a  strong  and  peculiar 
smell,  and  possesses  acid  properties.  Vauquelin  has  ascertained 
that  when  this  liquid  is  kept  for  some  time,  the  cyanogen  and  a 

Eortion  of  the  water  mutually  decompose  each  other.  The  water 
ecomes  brown  coloured  and  deposits  some  brown  flocks,  and 
it  is  found  to  contain  three  new  acids,  each  of  which  is  saturated 
with  ammonia.  These  acids  are  hydrocyanic  acid,  carbonic 
acid,  and  a  new  acid,,  which  Vauquelin  proposes  to  call  cyanic- 
acid,  because  he  thinks  that  it  may  be  a  compound  of  cyanogen 
and  oxygen. 
Water  holding  caustic  potash  in  solution  produces  the  %9cav^ 
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changes  upon  cyanogien;  but  much  more  rapidly  than  pure 
^ater,  and  the  new  acids  evolved,  instead  of  combining  with 
ammonia,  unite  with  the  potash  itself,  while  the  ammonia  is 
disengaged. 

When  water  impregnated  with  cyanogen  is  digested  over 
peroxide  of  mercury,  its  peculiar  odour  soon  disappears,  and  a 
portion  of  the  oxide  is  dissolved.  When  the  solution  is  concen- 
trated in  a  retort,  carbonate  of  ammonia  passes  into  the  receiver, 
«nd  two  sets  of  crystals  are  deposited.  The  first  set  consists  of 
cyanide  of  mercury.  The  other  crystals  differ  in  their  shape ; 
but  whether  they  consist  of  cyanic  acid  and  oxide  of  mercury 
could  not  be  ascertained.  Hydrocyanic  acid  is  also  present  in 
the  liquid. 

Hydrocyanic  acid  when  placed  in  contact  with  the  perhydrate 
of  copper  unites  with  it,  and  forms  a  yellowish-green  compound, 
which  crystalUzes  in  small  grains,  and  wheii  washed  in  boiling 
water  becomes  white.  The  red  matter  which  is  formed  by 
dropping  common  prussiate  of  potash  into  a  solution  of  copper 
is  in  Vauquelin's  opinion  a  hydrate.  It  acquires  a  green  colour 
^hen  treated  with  liquid  ammonia.  This  he  considers  as  its  true 
colour  when  deprived  of  water. 

From  the  observations  contained  in  this  paper,  it  would  appear 
that  Vauquelin  has  no  knowledge  of  the  ferro-ch}'azic  acid  of 
Porrett.  Many  of  his  conclusions  are  erroneous,  from  his  not 
having  attended  to  the  difference  between  the  hydrocyanic  and 
the  ferro-chyazic,  two  very  distinct  substances,  which  he  seems 
to  me  to  have  always  confounded  together.  Thus  one  of  the 
most  prominent  parts  of  the  paper  consists  in  a  set  of  experi- 
ments to  ascertain  whether  prussian  blue  be  a  cyanide  or  a 
hydrocyanate  of  iron;  be  concludes  from  thenithatit  is  a  hydro- 
cyanate.  It  does  not  seem  to  have  occurred  to  him  that  it  may 
likewise  be  a  ferrocyanate  of  iron,  which  indeed  is  the  most 
likely  opinion  of  all. 

Fmally,  M,  Vauquelin  has  shown  by  his  experiments  that 
when  the  cyanide  of  potash  comes  in  contact  with  water^  there  is 
always  formed  a  quantity  of  carbonate  of  ammonia.  Thjs  fact 
deserves  the  attention  of  the  manufacturers  of  prussian  blue.-^ 
(Ann.  de  Chim.  et  Phys.  ix.  113.) 

III.    ACIDIFIABLE  COMBUSTIBLES. 

« 

The  acidifiable  combustibles  have  been  recently  enriched  with 
ti  new  substance,  I  mean  selenium — a  substance  detected  by 
BerzeUus,  and  approaching  nearest  to  sulphur  in  its  properties, 
though  it  differs  m  many  respects  from  this  combustible.  I  gave 
a  sketch  of  its  characters  in  the  History  of  the  Chemical 
Sciences  for  the  preceding  year.  But  the  publication  of  Berze- 
liius's  experiments  on  it  v.hich  has  since  taken  place,  will  enable 
me  to  add  several  important  particulars  with  which  at  that  time 
we  were  unacquainted.    Some  few  additions  have  been  miade  to 
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oar  Ipiowledge  of  hydrogen,  phosphorus,  and  carbon,  which 
I  shall  notice  under  this  division,  to  which  these  bodies  belong. 

1.  Hydrosen.— My  readers  are  aware  that  some  years  ago 
Dr.  Prout  snowed  from  the  specific  gravity  of  ammoniacal  gas 
that  the  specific  gravity  of  pure  hydrogen  gas  was.  less  than  had 
hitherto  been  supposed,  and  that  in  reality^  instead  of  being  the 
15th  part  of  the  weight  of  oxygen  gas,  it  was  only  the  16th  part 
of  that  weight.  From  the  celebrity  of  the  chemists  both  in  this 
country  and  in  France,  who  had  undertaken  to  determine  the 
specific  gravity  of  this  gas,  and  who  had  concluded  it  to  be  to 
oxygen  gas  as  1  to, 15,  it  is  not  at  all  surprising  that  this  correc- 
tion of  Dr.  Prout  made  very  little  impression  upon  the  chemical 
world.  It  would  have  been  wonderful  indeed  if  that  had  not 
been  the  case,  and  if  some  of  those  chemical  understrappers  who 
are  unable  to  think  with  precision,  or  indeed  to  think  for  them- 
selves at  all,  had  not  come  forward  with  their  sneers,  as  if  it  were 
an  unpardonable  crime  to  deviate  in  any  respect  from  the  ipse 
dixit  ef  those  individuals  whom  they  have  thought  proper  to  set 
up  as  the  gods  of  their  idolatiy-  AU  this  was  to  be  expected,  and 
it  took  place  accordingly.  My  readers  will  see,  by  a  notice  in 
the  Annak  of  Philosophy,  xiii.  317,  that  Berzelius  and  Dulong 
have  lately  made  a  new  set  of  experiments  on  the  specific  gravity 
of  hydrogen  gas.  They  have  found  it  Ughter  than  preceding 
experimenters,  or  very  nearly  0*069,  which  is  precisely  the  spcci* 
fie  gravity  deduced  by  Dr.  rroutfrom  other  considerations.  This 
result  has' been  verified  in  mv  laboratory.  We  found  the  specific 
gravity  of  hydrogen  gas  in  tnree  trials  0*06933. 

The  result  of  tne  curious  attempts  of  Thenard  to  add  indefinite 
quantities  of  oxygen  to  the  acids  by  means  of  peroxide  of  barytes, 
of  which  an  account  will  be  found  in  the  Aunah  of  Philosophy y 
xiii.  1,  is  the  discovery  of  a  deutoxide  of  hydrogen,  or  a  com^ 
pound  of  oxygen  and  hydrogen,  containing  twice  as  much 
oxygen  as  water  does.  This  deutoxide  is  a  fluid  less  volatile 
than  water,  and  may,  therefore,  be  nearly  freed  from  that  hquid 
by  spontaneous  evajpomtion  in  an  exhausted  receiver  containing 
sulpnuric  acid. 

This  deutoxide  has  the  property  of  whitening  all  vegetable 
bodies.  Probably,  therefore,  it  is  formed  during  the  action  of 
chlorine  on  cloth  in  the  modern  process  of  bleaching.  I  conceive 
a  portion  of  the  water  to  be  decomposed,  so  that  its  hydrogen 
converts  the  chlorine  into  muriatic  acid,  while  its  oxygen  con- 
verts another  portion  of  the  water  into  deutoxide  of  hydrogen. 
The  art  of  bleaching  then  will  have  reached  perfection  when  a 
cheap  process  is  discovered  of  making  deutoxide  of  hydrogen  on 
a  large  scale. 

2.  Carburetted  Hydrogen  Gas. — Mr.  Faraday  has  pointed  out 
what  he  considers  as  a  mistake  in  the  generally  received  opinions 
respecting  carburetted  hydrogen  gas.  It  is  generally  believed, 
k^  says^  uiat  chlorine  h^  no  action  on  this  gas^  wheTea;&\i^\mdA 
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that  the  two  gases  when  mixed  act  upon  each  other  very  readily. 
They  explode  when  exposed  to  the  direct  rays  of  the  sun  even 
in  winter,  and  speedily  act  upon  each  other  even  in  the  hg^t  o( 
day.  A  portion  of  the  substance  formed  by  the  union  of  chlo- 
rine and  olefiant  gas,  to  which  I  have  given  the  name  of  chloric 
ether,  is  formed.  Muriatic  acid  is  also  formed.  Mr.  Faraday 
concludes  from  these  phenomena  that  this  substance  is  not  a 
compoui^d  of  chlorine  and  olefiant  gas,  but  of  the  elements  of 
these  gases  arranged  in  another  form. 

The  action  of  chlorine  on  carburetted  hydrogen  has  been  much 
longer  known  than  Mr.  Faraday  seems  to  have  been  aware  of. 
Unless  my  memory  deceives  me,  it  was  pointed  out  by  Mr. 
Cruick^hanks  in  a  paper  on  heavy  inflammable  airs,  pubhshed  in 
the  fourth  volume  of  Nichobon's  quarto  journal.  He  was  not 
aware  that  mixtures  of  these  two  gases  explode  ;  but  he  showed 
that  in  24  hours  they  destroy  each  other's  elasticity  completely. 
-^(Institution  Journal,  vi.  368.) 

As  to  the  compound  formed  by  the  union  of  chlorine  and 
olefiant  gas,  I  cannot  admit  the  accuracy  of  Mr.  Faraday's 
notion  respecting  it ;  for  I  find  that  when  equal  volumes  of  chlo- 
rine and  olefiant  gas  are  mixed  together,  thejr  are  totally 
condensed  into  the  liquid  compound.  No  muriatic  acid  is 
formed,  or  at  least  none  retains  the  elastic  state.  The  chlorine 
may  be  again  separated  from  the  olefiant  gas,  as  I  showed  long 
ago  in  my  paper  on  the  carburetted  hydrogen  gases. 

3.  Hydrocarbonic  Gas. — I  had  the  good  fortune  to  discover 
this  gas  last  year,  during  a  set  of  experiments  on  prussiate  of 
potash.  It  is  easily  obtained  by  heating  in  a  retort  a  mixture  of 
prussiate  of  potash  and  sulphuric  acid.  It  is  colourless,  not 
sei^ibly  absorbed  by  water,  has  a  peculiar  smell,  a  somewhat 
aromatic  taste,  and  it  leaves  a  hot  impression  in  the  mouth.  Its 
specific  gravity  is  0*993.  It  is  combustible,  and  burns  readily 
with  a  deep  blue  flame.  Three  volumes  of  it  require  for  complete 
combustion  two  volumes  of  oxygen  gas.  The  residue  after 
combustion  amounts  to  three  volumes,  and  is  carbonic  acid  gas. 
Hence  it  is  obviously  a  compound  of 

—(See  Annals  of  Philosophy,  xii.  104.) 

M.  Gay-Lussac  mentions  in  a  note  upon  an  extract  from  my 
paper,  which  he  has  done  me  the  honour  to  insert  in  the  Annates 
de  Chimie  et  Physique,  that  Berthollet  has  already  distin^ished 
those  gases  which  are  analogous  to  mine  in  their  composition  by 
the  name  of  oxycarburetted  hydrogen.  But  a  very  little  conside- 
ration will,  I  am  sure,  satisfy  this  very  ingenious  chemist,  that 
guch  a  name  could  not,  with  any  attention  to  propriety,  be  given 
to  the  gas  which  I  have  here  described.  It  is  obviously  much 
nearer  x^arbonic  oxide  in  its  properties  than  it  is  to  carburetted 
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hydroffen.  Indeed  I  conceive  it  to  be  merely  carbonic  oxide 
BDited  to  one  third  part  of  its  volume  of  hydrogen  gas.,  Tlie 
name  ought  to  indicate  this,  which  I  think  is  done  by  calling  i^ 
fydr<h^arbonic  oxide  gas. 

4.  Phosphorus. — Sir  Humphry  Davy's  experiments  on  the 
combustion  of  phosphorus,  published  in  the  Philosophical  Trans- 
actions for  1818,  and  of  which  an  account  was  given  in  the 
Annals  of'  Philosophy,  xiii.  210,  exactly  tally  with  my  deductions 
from  a  set  of  experiments  on  phosphuretted  hydrogen,  and  show 
in  the  most  decisive  manner,  if  any  doubts  were  entertained  on 
the  subject,  that  the  previous  experiments  of  that  gentleman  on 
the  combustion  of  phosphorus  were  inaccurate.  I  think  it  esta^ 
blished  by  these  experiments  of  Davy  and  by  my  own  that  the 
weight  of  an  atom  of  phosphorus  is  1*5,  and  that  the  composi- 
tion of  the  two  acids  of  phosphorus  is  as  follows  : 

Phosphoras.  Oxygen. 

Phosphorous  acid 1*5  +  1 

Phosphoric  acid 1*5  +  2 

But  it  must  not  be  concealed  that  these  numbers  will  not 
agree  with  the  equivalent  number  for  phosphoric  acid  as  deduced 
from  Berzejius's  analysis  of  the  different  phosphates.  I  think, 
therefore,  that  the  subject  still  claims  further  investigation. 

5.  Selenium. — In  the  historical  sketch  of  the  progress  of 
chemistry  during  the  year  1817,  inserted  in  the  Annals  of  Philo^ 
sophjfj  xh.  1,  wm  be  round  (p.  13)  a  short  account  of  the  proper- 
ties of  this  new  substance.  The  kindness  of  Prof.  Berzelius  nas 
put  it  in  my  power  to  examine  this  substance  myself,  and  to  make 
a  few  triads  on  its  more  prominent  properties.  And  the  full 
account  of  its  properties  has  been  given  to  the  pubUc  by  that 
skilful  chemist  m  the  fifth  volume  of  the  Af handlingar ;  anA  a 
translation  of  his  paper  has  been  inserted  in  the  ninth  volume  of 
the  Annales  de  Chimie  et  Physique,  from  which  I  have  extracted 
it  for  the  sake  of  the  readers  of  the  Annals  of  Philosophy.  From 
this  paper,  whidi  will  not  have  escaped  the  recollection  of  the 
reader,  I  shall  select  those  circumstances  of  importance  which 
were  omitted  last  year. 

Berzelius  made  an  ingenious  set  of  experiments  to  determine 
the  composition  of  selenic  acid,  and  to  deduce  from  this  compo- 
sition the  weight  of  an  atom  of  selenium.  He  saturated  a  given 
weight  of  selenium  with  chlorine,  and  formed  what  he  considered 
as  a  double  acid ;  but  which  was  obviously  a  chloride  of  selenium. 
When  this  chloride  is  treated  with  water,  it  is  converted,  as  is 
the  case  with  other  chlorides,  into  selenic  acid  and  muriatic  acid. 
This  is  obviously  occasioned  by  the  decomposition  of  water,  the 
hydrogen  of  which  unites  with  the  chlorine,  and  converts  it  into 
muriatic  acid ;  while  the  oxygen  unites  to  the  selenium,  and 
converts  it  into  selenic  acid.  Hence  if  we  know  the  weight  of 
the  selenium  employed  and  of  the  muriatic  acid  produced,  we 
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shall  have  it  ia  out  power  to  determine  the  quantity  of  OTWsa 
which  united  with  the  selenium  and  served  to  acidify  it.  One 
part  df  selenium,  when  converted  into  a  chloride,  was  found  ta 
weigh  2'79  parts.  This  chloride  being  dissolved  in  water,  and 
precipitated  by  nitrate  of  silver,  the  precipitate  was  washed  with 
boiling  water,  acidulated  with  nitric  acid,  till  all  the  seleniate  of 
nlver  at  first  precipitated  was  redissolved.  The  residual  chloride 
of  silver  was  dried  and  fus(^d.  It  weighed  7'2285.  Now  chlo* 
tide  of  silver  is  a  compound  of  one  atom  silver  =»  13'75  +  1 
atom  chlorine  =4*5.  Of  course  the  quantity  of  chlorine  in 
7'2286  of  chloride  of  silver  must  be  1-782.  To  convert  this 
chlorine  into  muriatic  acid,  we  must  combine  it  with  0'0496  of 
hydrogen.  Now  as  the  weight  of  the  oxygen  in  water  is  eight 
times  as  great  as  that  of  the  hydrogen,  it  is  evident  that  if  we 
multiply  0'0495  by  8,  we  shall  have  the  weight  of  oxygen  that 
is  requisite  to  convert  one  of  selenium  into  selenic  acid.  But 
0*0495  X  8  =  0-38.  Hence  it  follows,  if  the  experiment  was 
accurately  ^ade,  that  selenic  acid  is  a  compound  of 

Selenium. .  . .  * 100 

Oxygen ,*    38 
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The  constituents  of  the  acid,  as  deduced  by  Berzelius  from  tht 
pieceding  experiment,  are,. 

Selenium 100-00 

Oxygen 40-33 

His  mode  of  reasoning  was  quite  different  from  that  which  I 
bave  followed ;  but  the  difference  in  our  results  is  owing  to  small 
differences  in  our  notions  respecting  the  constitution  of  chloride 
of  silver.  I  see  no  reason  for  doubting  that  the  weight  which  I 
have  assigned  to  an  atom  of  silver ;  namely,  13*75,  is  the  true 
weight.  Berzelius 's  number  is  equivalent  to  13-44.  Hence  the 
quantity  of  chlorine  in  chloride  of  silver  is  a  little  more  than  I 
.  make  it ;  and  from  this  arises  the  difference  in  the  weight  of  our 
oxygen. 

If  we  suppose  the  chloride  of  selenium  formed  by  Berzelius  to 
be  a  compound  of  two  atoms  of  chlorine  and  one  atom  of  sele-» 
nium,  as  is  most  likely,  then  we  have  1*79  :  1  ::  2*5  :  2-514,  and 
2-514  X  2  =  5*028  will  be  the  weight  of  an  atom  of  selenium* 
The  weight  of  an  atom  of  selenium  derived  from  the  notion  that 
selenic  acid  is  a  compound  of  one  atom  selenium  and  two  atoms 
oiygen  will  be  5*263 ;  but  the  first  estimate  is  probably  most 
accurate.  In  the  present  state  of  our  knowledge,  we  might 
reckon  .5  as  thq  weight  of  an  atom  of  selenium. 

On  this  supposition,  which  cannot  be  very  far  from  the  truth, 
an  atom  of  selenic  acid  will  weigh  7.  Now  this  corresponds 
pretty  well  with  the  constitution  of  the  only  two  ael^niates  of 
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wliich  BerzeUns  has  given  us  the  analysis.    Seleniate  of  baryte» 
he  found  composed  of 

Selenic  acid 100-0   7-00 

Barytes 137*7   9-75 

The  constituents  of  seleniate  of  soda^  according  to  his  analysis^ 
were, 

Selenicacid 64-6    7*267 

Soda 35-5   .•..  4000 

The  equivalent  for  selenic  acid  derived  from  the  first  of  these 
salts  is  7,  which  corresponds  with  the  weight  of  an  atom  of  sele* 
nic  acid  derived  from  the  choride  of  selenium.  The  equindent 
number  derived  from  the  second  salt  is  7*267,  which  correspidnds 
with  the  weight  of  an  atom  of  selenium  derived  from  the  quantity 
of  oxygen  indicated  by  the  chlorine  with  which  it  had  been  in 
combination.  As  we  have  no  means  of  determining  which  of 
these  two  results  is  the  most  accurate,  the  proper  mode  of  pro- 
ceeding, in  the  present  state  of  our  knowledge,  seems  to  be  to 
take  the  mean  of  the  two  as  the  true  number.  On  that  supposi* 
tion  5'  125  will  be  the  weight  of  an  atom  of  selenium,  and  7*125 
the  weight  of  an  atom  of  selenic  acid. 

Selenium  then  approaches  arsenic  in  the  weight  of  its  atom. 
It  constitutes  another  exception  to  the  law  which  (Ersted  has 
endeavoured  to  establish,  that  acidifiable  bases  always  combine 
with  a  great  quantity  of  oxygen  compared  to  their  own  weight ; 
while  alkalifiable  bases  unite  with  a  small  quantity.  Indeed 
nothing  can  be  more  hazardous  than  the  estabhshment  of  general 
laws  in  chemistiy  from  the  very  imperfect  inductions  which  the 
present  very  Umited  knowledge  which  we  possess  enables  us  to 
make.  In  a  few  years,  the  discovery  of  some  new  substance 
which  spurns  our  laws,  is  sure  to  overturn  all  our  fine  constructed 
febric,  and  to  give  us  a  mortifying  proof  of  how  very  inadequate 
judges  we  are  of  the  general  laws  by  which  the  constitution  of 
the  world  is  maintained. 

Selenium,  like  sulphur,  phosphorus,  and  carbon,  has  the  pro- 
perty of  uniting  with  hydrogen,  and  forming  selenuretted  hydrogen 
gas.  Berzelius  obtained  this  gas  by  fusing  together  potassium 
and  selenium,  and  treating  the  selenuret  with  diluted  muriatic 
acid.  This  gas  has  the  smell  of  sulphuretted  hydrogen.  It  acts 
with  great  violence  upon  the  throat  and  fauces,  producing  symp- 
toms of  rather  an  alarming  nature.  It  is  more  soluble  in  water 
than  sulphuretted  hydrogen  gas.  The  aqueous  solution  precipi- 
tates all  the  metals,  and  the  colour  of  the  precipitates  is  black  or 
brown,  except  those  of  manganese,  zinc,  and  cerium,  which  are 
flefsh-coloured.  The  black  and  brown  precipitates  aie  selenuceUr^ 
the  red  are  hydroselenurets;  Selenuretted  hydrogen  gas  is 
readily  decomposed  by  the  concurrent  action  of  water  and  air. 
There  is  reason  to  conclude^  from  the  analysis  of  tt^is  gas  by 
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BerzeliuSy  that  it  is  a  compound  of  one  atom  selenium  and  one 
atom  hydrogen,  or  by  weight  of 

Selenium 5-125   41 

.     Hydrogen 0-126    1 

These  would  be  the  weights  nearly,  if  we  were  to  go  over 
Berzelius's  experiments  and  modify  the  results  in  order  to  make 
them  correspond  with  the  weight  of  an  atom  of  silver,  oxygen, 
and  hydrogen,  as  I  have  estabhshed  these  weights  in  a  preceding 
volume  of  the  Annals  of  Philosophy, 

Selenium  combines  with  sulphur,  phosphorus,  and  with  all  the 
metA  tried.  The  phenomena,  which  take  place  during  the 
foxflMtion  of  these  selenurets  are  analogous  to  those  which  are 
exlnkited  by  sulphur  when  it  unites  with  the  metals.  For  a 
particular  account  of  the  few  facts  ascertained  by  Berzehus 
respecting  these  selenurets,  I  refer  to  the  paper  of  that  indefa- 
tigable chemist  in  the  last  number  of  the  Annals  of  Philosophy. 

Selenium,  like  sulphur,  combines  likewise  with  ammonia,  with 
the  fixed  alkalies,  and  the  alkaUne  earths.    There  is  a  striking'^ 
analogy  between  the  selenur^  and  sulphurets  of  these  bases. 

6.  rrotoxide  of  Azote.—A  may  notice  here  that  Mr.  Faraday 
has  pointed  out  me  reason  why  the  respiration  of  this  gas  some-  - 
times  produces  alarming  ciffects  upon  the  health  of  the  person 
who  employs  it  (Institution  Journal,  vi.  360).  These  effects  are 
owing  to  the  mixture  of  sal  ammoniac  with  the  nitrate  of  ammo- 
nia, nrom  which  the  gas  was  procured.  When  such  an  Impure^ 
salt  is  employed,  the  sal  ammoniac  is  decomposed  in  the  nrst 
place,  and  there  are  evolved  azotic  gas,  chlorine.  Sec.  which  are 
mixed  with  the  protoxide  of  azote,  and  occasion  the  injurious 
effects. 

I  must  observe  that  these  facts  were  pointed  out  many  years 
ago  in  a  paper  published  by  Proust.  He  ascertained  tnat  the 
presence  of  sal  ammoniac  injured  the  protoxide  of  azote.  He 
assures  us  that  the  first  portions  of  gas  driven  off  from  such  a 
mixed  salt  are  of  a  peculiar  nature.  This  assertion  has  not 
hitherto  been  verified,  nor  so  far  as  I  know  even  examined. 

7.  Sulphuretted  Azote. — It  seems  hardly  necessary  to  notice 
the  statement  of  Dr.  Granville,  that  a  gas  composed  of  sulphur 
and  azote  is  sometimes  found  in  the  abdomen  in  pecuUar  circum- 
stances. I  have  related  in  a  former  historical  sketch,  given  in  a 
preceding  volume  of  the  Annals  of  Philosophy y  the  discussions 
respecting  this  supposed  compound  which  took  place  in  Germany, 
and  the  unsuccessful  experiments  of  Berzelius  and  others,  who 
endeavoured  to  form  it,  or  to  obtain  some  evidence  of  its  exist- 
ence. A  compound  of  10-^  sulphur  +  894-  azote  would  consist 
of  one  atom  of  sulphur  united  to  about  9*7  atoms  azote — a  very 
unlikely  compound  indeed,  and  unlike  that  of  any  gas  containing 
hydrogen  with  which  we  are  acquainted.  I  have  no  doubt  that 
what  Dr.  Granville  took  for  sulphuretted  azote  was  a  mixture  of 
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aSBOtic  gfts  tod  siilpfanretted  hydrogen.  Such  a  mixture  would 
not  burn,  and  nothing  was  easier  than  to  overlook  thehydrogea 
in  the  analysis.  ' 

IV.    ALKALIFIAl^LE  COMBUSTIBLES. 

This  department  has  been  recently  enriched  by  the  discovery 
of  three  new  metals  in  Germany.  Of  these,  the  fii*st,  cadmium, 
was  noticed  in  the  historical  sketch  of  last  year.  Since  that 
period  i  have  had  an  opportunity  of  examining  the  metal  myself, 
and  of  verifying  the  accuracy  of  the  account  of  it  which  has  been ' 
published  by  Stromeyer.  The  other  two  metals,  vestiiim  f^d 
wodanium,  were  unkiiown,  or  at  least  the  knowledge  r)f  jfi(rm 
had  not  reached  me  wlien  I  drew  up  my  historical  sketcli^jfl^t 
summer.  Vestium  was  discovered  by  Professor  West,  whfultfta 
not  yet  succeeded  in  obtaining  it  in  a  state  of  purity ;  but  i£his 
experiments  be  accurate,  it  is  undoubtedly  a  substance  which 
possesses  distinct  properties  from  every  metal  known,  and  of 
course  it  is  entitled  to  claim  Uie  rank  of  a  new  and  pecuUar 
metal.  Wodanium  has  been  announced  by  Lampadius  as  disco- 
vered in  a  mineral  specimen  found  in  the  cabinet  of  Von  Trebra, 
and  which  had  been  obtained  from  Hungary.  We  must  suspend 
our  judgment  respecting  it  till  x  Lampadius  has  published  his 
experiments,  and  till  he  has  put  it  in  the  power  of  some  other  skil- 
ful chemist  to  repeat  them. 

1.  Cadmium. —The  discovery  of  this  metal  was  made  by 
Stromeyer*  He  was  inspecting  the  apothecaries'  shops  in  the 
principahty  of  Hildesheim,  and  found  that  the  carbonate  of  zinc 
was  substituted  in  that  country  for  the  oxide  of  zinc,  the  use  of 
which  had  been  ordered  in  the  pharmacopoeia.  This  carbonate 
of  zinc  was  manufactured  at  Salzgitter.  Upon  inquiry,  he  learned 
from  Mr.  Jost,  who  managed  that  manufactory,  that  they  had 
been  obH^ed  to  substitute  the  carbonate  for  the  oxide  of  zinc, 
because  the  oxide  had  a  yellow  colour,  and  was  in  consequence 
unsaleable.  On  examining  this  oxide,  Stromeyer  found  that  it 
contained  a  small  proportion  of  the  oxide  of  a  new  metal,  which 
he  separated  and  reduced,  and  to  which  he  gave  tlie  name  of 
cadmium. 

Cadmium  is  white,  Uke  platinum.  It  is  hard,  has  a  hackly 
fracture,  is  malleable  and  ductile,  and  has  a  specific  gravity  of 
8*760  after  fusion.  It  melts  below  a  red  heat,  and  is  likewise 
very  volatile,  rising  in  the  state  of  vapour  at  a  temperature  not 
much  higher  than  the  boiliiig  point  of  mercury. 

It  unites  with  only  one  proportion  of  oxygen,  and  forms  an 
oxide  of  a  greenish-yellow  colour,  fixed  in  the  fire,  and  infusible 
at  a  white  heat ;  but  assuming  a  yellow,  or  even  brown  colour. 
This  oxide  may  be  formed  by  heating  the  metal  in  the  open  air, 
it  catches  fire,  and  sublimes  in  a  yellow  smoke,  which  i;i  the 
oxide. 

It  dissolves  in  nitric  acid  with  the  evolution  of  nitrous  gas,  and 

Vol.  XIII.  c 


1 


Historical  Sketch  of  the  Phj/Bical  Sciences,  1818. 

in  sulphuric  and  muriatic  acids  with  the  evoltttion:  of  hydrogen 
gas ;  out  the  solutions  in  these  last  two  acids  go  on  very  slowly. 
All  the  acid  solutions  of  cadmium  are  colourless ;  and  the  salts 
which  it  foriQS  with  acids  are  white. 

The  sulphate^  nitrate^  muriate,  and  acetate  of  cadmium,  crys- 
taUize  readily,  and  are  very  soluble.  The  phosphate,  caiibonate, 
and  oxalate  of  cadmium  are  insoluble. 

The  oxide  is  thrown  down  white  by  the  fixed  alkaUes,  probably 
in  the  state  of  a  hydrate.  Ammonia,  and  likewise  its  carbonate, 
redissolves  the  precipitated  oxide.  Hence  it  is  easy,  by  means  of 
carbonate  of  ammonia,  to  separate  cadmium  from  zinc  or  copper 
when  they  happen  to  be  mixed. 

Prussiate  of  potash  throws  it  down  white;  sulphuretted  hydro- 
gen, or  a  hydrosulphuret,  throws  it  down  yellow. 

Zinc  precipitates  cadmium  from  its  acid  solutions  in  the  metallic 
state ;  out  cadmium  throws  down  copper,  lead,  silyer,  and  gold, 
in  the  metalUc  state.  It  belongs,  therefore,  ^to  my  fourth  fiunily 
of  alkatifiable  combustibles,  and  must  be  placed  immediately 
after  zinc.*— (See  Amidls  of  Philosophy  y  xiii.  108.) 

2.  Vestium, — The  characters  of  this  metal  hare  been  so 
imperfectly  ascertained,  and  Mr.  West's  paper  on  the  subject 
has  appeared  so  lately  in  the  Annals  of  Philosophy  that  it  will 
be  sufficient,  I  conceive,  to  refer  those  readers  who  are  eunous 
on  the  subject  to  the  paper  itself. 

3.  Wodaninm. — The  few  characters  of  this  metal  wUch  have 
been  communicated  to  the  pubhc  by  Lampadius  (see  Atmids  of 
Philosophy^  xiii.  232)  are  sufficient  to  satisfy  us  that  it  is  entitled 
to>  be  considered  as  a  peculiar  metal. 

Its  colour  is  bronze  yellow ;  it  is  malleable ;  has  a  hackly 
fracture  ;  the  hardness  of  fluor  spar ;  and  is  strongly  attracted 
by  the  magnet.    Its  specific  gravity  is  11*470. 

Its  oxide  is  black,  and  is  easily  formed  by  heating  it  in  contact 
with  the  air. 

It  dissolves  in  acids,  and  the  solutions  have  a  light  wine- 
yellow  tinge.  The  alkaline  carbonates  throw  it  down  white; 
caustic  ammonia  precipitates  it  blue. ' 

Nitric  acid  dissolves  both  the  metal  and  the  oxide  with  hsi* 
lity,  and  the  solution  yields  white  needle-form  crystals,  which 
dissolve  readily  in  water. 

A  plate  of  zinc  throws  it  down  black.  Prussiate  of  potash 
throws  it  down  pearl  grey.  ' 

4.  Cyadide  of  Potassium. — When  potash  is  calcined  with  an 
animal  substance,  the  compound  formed  is  not  a  cyadide  of 

Sotash,  but  a  cyadide  of  potassium ;  for  if  cyanogen  be  imited 
irectly  with  potassium  and  the  compound  be  dissolved  in  water, 
it  is  converted  into  hydrocyanate  of  potash.  Acids  decompose 
it,  hydroeyanic  acid  is  disengaged^  and  no  ammonia  is  formed ; 
but  if  cyanogen  be  absorbed  by  a  solution  of  potash,  and  an  add 
be  added  to  the  solution,  there  are  disengaged  carfocmic  acid, 
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hydrocyanic  acid,  and  ammonia,  each  amoontiDg  to  the  volume 
of  the  cyanogen  absorbed.  The  first  two  ojT  these  bodies  are 
disengaged  inmiediately  on  the  addition  of  the  acid ;  but  the 
ammonia  dpes  not  make ,  its  appearance  till  there  be  added  an 
excess 'of  lime*  Now  when  the  product  of  the  calcination  of  an 
animal  substance  with  potash  is  dissolved  in  cold  water,  and 
then  treated  with  muriatic  acid,  and  finally,  with  lime,  it  exhi- 
bits the  same  phenomena  as  the  cyadide  of  potassium.  These 
inmortant  facts  have  been  ascertained  by  M.  Gay-Lussac. 

It  is  important  not  to  throw  potash  calcined  witn  an  animal  sub* 
stance  into  water,  while  red-hot,  or  even  hot ;  for  in  that  case  it 
is  decomposed,  and  a  ^reat  quantity  of  ammonia  is  produced.  -  If 
it  be  allowed  to  cool  m  the  open  air,  it  is  apt  to  catch  fire,  and 
bum  like  a  pyrophorus. — (Ann.  de  Chim.  et  de  Phys.  viii.  440.) 

6.  Action  qf  iron  on  Water. — It  has  been  generally  admitted 
by  chemists  that  iron  is  capable  of  decomposing  water  at  the 
ordinary  temperature  of  the  atmosphere  ;  though  I  sun  not  aware 
that  any  set  of  experiments  estabhshing  this  fact  has  been  pub« 
lished,  excejpt  those  of  Lavoisier,  whicn,  however,  are  perfectly 
decisive.  This  gentleman  mixed  together  iron  filings,  and 
distilled  water,  freed  from  its  air  by  boiUng,  and  placed  them 
under  a  receiver  filled  with  merciuy  at  the  ordinary  tempenu- 
ture  of  the  atmosphere.  Hydrogen  gas  was  evolved  in  abund- 
ance.^See  Mem.  de  I'Acaa.  des  Sciences,  1781,  p.  478.)       f 

Dr.  Marshall  Hall;  who  does  not  appear  to  have  been  aware  of 
these  experiments  of  Lavoisier,  nor  with  the  experiments  of  M. 
Guibourt  on  the  same  subject,  pubUshed  in  the  Journal  de  Phar- 
macies for  June,  1818  (p.  241),  has  inserted  a  paper  in  the  last 
April  llumber  of  the  Journal  of  the  Royal  Institution,  or  of  the 
Quarterly  Journal,  as  it  has  now  denominated  itself,  the  object 
of  which  is  to  prove  that  iron  has  not  the  property  of  acting  on 
water  deprived  of  air ;  and  that  in  all  cases  where  it  was  supposed 
to  have  been  oxidized  under  water,  the  change  was  merely  the 
consequence  of  the  action  of  atmospherical  air.  I  have  no  doubt 
that  Dr.  Hall  made  his  experiments  with  sufficient  care  and  pre- 
cision ;  yet  I  think  them  insufficient  to  decide  the  question.  He 
Fut  a  small  quantity  of  iron  into  a  great  quantity  of  water.  Now 
happen  to  have  made  similar  experiments  to  his  many  years 
ago.  I  found  that  in  such  cases  no  sensible  quantity  of  hydrogen 
was  extricated  after  an  interval  of  several  weeks ;  but  if  the  mix- 
ture was  kept  for  some  hours  at  the  boiUng  temperature,  I  always 
obtained  a  sufficient  quantity  of  hydrogen  to  ascertain  its  nature. 
M.  Guibourt,  in  his  paper  above  alluded  to,  has  gone  much 
further,  and  indeed  placed  the  subject  in  a  very  clear  point  cf 
view.     When  a  small  quantity  of  water  is  mixed  with  a  ^reat 

2uantity  of  iron,  the  decomposition  of  that  liquid  goes  on  rapidly ; 
ut  when  a. great  quantity  of  water  is  mixed  with  a  small  quan- 
tity of  iron,  no  sensible  decomposition  takes  place  unie^^  \iiia 
temperature  be  considerably  devated. 

c2 
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7.  Softening  and  tempering  Steel. — Mr.  Gill  infonns  tis,  in  the 
Annals  of  Philosophy y  xii.  58,  that  if  steel  be  heiated  below  the 
hardening  point,  and  then  plunged  into  cold  water,  it  will  be 
softened  thereby,  and  in  a  much  superior  manner  to  the  common 
process.  He  says,  Ukewise,  that  if  steel  be  heated  to  the  requi- 
site degree,  and  plimged  into  a  bath  composed  of  a  mixture  of 
lead  and  tin,  similar  to  plumber's  solder,  heated  to  the  requisite 
temperature,  it  will  be  at  once  tempered  and  hardened.  It  is 
for  artists  to  determine  whether  these  methods  will  answer,  and 
whether  they  be  preferable  to  the  common  ones. 

8.  Manganese. — It  is  now  about  44  years  since  this  metal  was 
reduced  by  Assessor  Grahn,  of  Fahlun ;  yet  I  am  not  aware  of 
any  additional  facts  respecting  it  since  that  period,  except  those 
contained  in  Dr.  John's  elaborate  paper  on  this  metal  published 
in  1807.  M.  Fischer,  of  Schaffhausen,  a  manufacturer  of  cast 
steel,  having  discovered  the  means  of  producing  a  very  intense 
heat  in  his  mmaces,  has  been  enabled  in  consequence  to  reduce 
this  very  refractory  metal  to  the  metalUc  state.  The  following 
are  the  characters  of  metalUc  riianganese,  as  described  by  the 
editors  of  the  Bibhotheque  UniverseUe,  to  whomM.  Fischer  sent 
a  specimen  of  the  reduced  metal. 

its  colour  is  whitish ;  it  is  harder  than  tempered  steel ;  it  cuts 
glass  nearly  as  well  as  the  diamond ;  it  scratches  rock  crystal. 
It  acquires  a  very  good  polish,  which  is  probably  not  durable,  in 
consequence  of  its  great  affinity  for  oxygen.  When  kept  under 
water  for  24  hours,  it  becomes  covered  with  a  coat  of  brown  oxide. 
It  sensibly  attracts  the  magnetic  needle ;  but  was  not,  perhaps, 
quite  free  from  iron.  Its  specific  gravity  is  7'467.  This  is  con- 
siderably under  the  estimate  of  Dr.  John,  who  found  it  8*013. 
This  I  consider  a^  an  additional  proof  of  the  impurity  of  the 
manganese  of  M.  Fischer. — (Biblioth.  Universelle,  vi.  232.^ 

In  the  fifth  edition  of  my  System  of  Chemistry  (vol.  i.  p.  403), 
I  have  endeavoured  to  show  that  manganese  forms  only  two 
oxides,  the  green,  and  the  black.  The  composition  of  these 
oxides,  I  consider  to  be  as  follows  : 

Protoxide 100  manganese  +  28*7S|  oxygen 

Peroxide  ........  100  manganese  +  57*50  oxygen 

On  this  supposition  an  atom  of  manganese  weighs  3*5.  Ber- 
zehus  had  long  before  made  a  set  of  experiments  on  these  oxides, 
and  had  determined  their  composition  to  be  as  follows : 

Protoxide 100  metal  +  28-107 

Peroxide 100  metal  +  66-214 

M.  Arvedson  has  lately  repeated  the  experiments  of  Berzelius, 
and  obtained  tjie  same  results.  This  certainly  gives  considerably 
additional  weight  to  the  determination  of  Berzelius,  whose  weu- 
known  precision  entitles  all  his  experiments  to  the  greatest 
attention*     My  numbers  were  pitched  upon  from  theoretical 
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considerations.  I  am  not  disposed  to  change  them  till  it  has 
been  shown  in  a  satisfactory  manner  that  they  are  inconsistent 
with  experiment.  The  pro|[>ortion  of  oxygen  wnich  I  have  given 
differs  only  about  ^th  part  from  that  ffiven  by  Berzelius.  rfow 
I  am  very  mnch  afraid  that  the  limits  oi  unavoidable  error  in  such 
experiments  are  greater  than  -^^th  of  the  whole.  Hence  we  have 
no  means  of  coming  at  the  truth  except  by  theoretic  views, 
which  virill  guide  us  to  new  experiments ;  and  when  these  are 
sufficiently  multiplied,  we  shall  obtain  a  mean  approaching  very 
near  the  truth. 

M.  Arvedson,  during  his  experiments,  made  a  discovery  of 
rather  an  interesting  nature,  and  deserving  the  attention  of  the 
manufacturers  of  tne  bleaching  salt  and  bleaching  liquor.  He 
found  that  there  are  two  native  black  oxides  of  manganese.  The 
first,  the  common  peroxide;  the  second,  the  hydrated  black 
oxide,  which  he  found  composed  as  follows  : 

Oxidum  manganoso-manganicum 89'92 

Water 10-08 


100-00 


This  oxidum  manganoso-manganicum  is  a  compound  of  two 
atoms  of  peroxide  and  one  atom  of  protoxide  of  manganese  ;  or 
it  contains  -J-th  less  oxygen  than  the'peroxide.  If  the  oxygen  in 
the  water  be  added  to  mat  of  the  oxidum  manganoso-mangani- 
cum, the  whole  will  be  converted  into  peroxide  of  manganese. — 
(Jour,  de  Phys.  Ixxxvii.  464.) 

There  is  reason  to  beUeve  from  the  late  experiments  of  Chevil- 
lot  and  Edwards,  that  manganese  is  capable  of  combining  with 
an  additional  atom  of  oxygen,  and  of  forming  a  new  compound, 
which  seems  to  possess  acid  properties,  and  to  act  with  great 
energy  on  combustibles.    They  have  not  yet  given  us  the  pro- 

Eortions  of  manganese  and  oxygen  which  exist  in  this  compound; 
ut  they  baye  shown  that  red  chameleon  mineral  is  a  compound 
of  potash,  black  oxide  of  manganese,  and  oxygen,  which  are  all 
present  in  definite  proportions ;  that  the  quantity  of  oxygen 
depends  upon  that  of  the  manganese  present,  and  not  upon  that 
of  the  potash ;  that  the  combination  is  neutral,  and  possesses  the , 
characters  of  a  salt ;  and  that  when  an  excess  of  potash  is  added, 
the  chameleon  assumes  a  green  colour.  When  these  crystals 
are  heated  in  Qontact  with  hydrogen  gas,  they  set  it  on  fire* 
They  detonate  violently  with  phosphorus,  set  fire  to  sulphur, 
arsenic,  and  antimony,  and  indeed  to  all  combustible  bodies  ^ 
hitherto  tried.  Were  we  to  suppose  this  manganesic  acid  (as 
Chevillot  and  Edwards  have  termed  it)  a  compound  of  one  atom 
manganese  and  three  atoms  oxygen,  its  constitution  would  be 
as  follows : 

Manganese 3-6   100*00 

.  Oxygen 3-0 • .    85-71 
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These  facts  claim  the  careful  examination  of  chemists.  If 
they  be  verified,  they  will  exhibit  the  remarkable  and  hitherto 
miique  example  of  the  same  base  forming  a  perfect  salifiable 
base  and  a  perfect  acid  simply  by  miiting  with  different  propor- 
tions of  oxygen.  This  would  be  a  fine  confirmation  of  the  theory 
advanced  pyCKrsted  respecting  the  "cause  of  acidity  and  alkah- 
nity,  of  which  an  account  has  been  eiven  in  a  late  number  of  the 
Annals  of  Phihsmhy, — (See  Ann.  de  Chim.  et  Phys.  viii.  337,) 

9.  Cooalt  atid  ffitkel. — The  most'  difficult  problem,  perhaps, 
in  practical  chemistry  is  the  separatit)n  of  these  two  metals  firom 
each  other.  A  tariety  of  methods  have  been  proposed,  all  of 
which  I  have  tried,  with  some  additional  ones  of  my  own,  without 
having  yet  hit  upon  one  which  is  not  either  imperfect,  or  at 
least  liable  to  some  very  serious  objection.  When  mto  a  concen* 
trated  solution  of  cobalt  in  sulphunc  or  muriatic  acid,  a  solution 
of  tartrate  of  potash  is  added,  a  triple  salt  is  formed,  consisting 
of  tartaric  acid,  united  at  once  with  potash  and  with  oxide  of 
cobalt,  which  crystallizes  in  large  fiat  rnomboidal  prisms.  These 
crystals,  so  far  as  I  have  examined  them,  contain  no  other  metal 
except  cobalt ;  but  this  method,  though  promising  at  first  sight, 
I  did  not  find  to  answer  so  well  as  I  expected  ;  for  the  tartrate  of 
potash  undergoes  spontaneous  decomposition  when  the  solution 
IS  left  to  spontaneous  evaporation ;  and  if  the  evaporation  iis 
produced  by  the  action  of  heat,  the  crystals  formed  are  ill  defined^ 
and  consequently  liable  to  be  impure.  ^ 

It  was  with  great  pleasure,  therefore,  that  I  perused  a  paper  l^ 
IM.  Laugier,  published  in  the  Annales  de  Chimie  et  Physique  for 
Ifovember.  1818,  on  the  inode  of  analyzing  the  ores  of  cobalt 
and  nickel,  and  on  the  best  method  of  separating  these  two 
metals  fix)m  each  other.  After  trying  every  known  metliod  of 
separating  these  two  metals  from  each  other  without  succeeding, 
MM.  Lauder  and  Silveira  were  on  the  point  of  abandoning  die 
investigation,  when  it  occurred  to  them  to  try  the  effect  of  t 
concentrated  Solution  of  ammonia  on  die  impmre  oxalate  of 
nickel.  A  solution  took  place  of  a  fine  azure  colour.  On  expos- 
ing this  solution  to  the  open  afr,  the  ammonia  mraduaUy  made 
its  escape,  and  at  the  same  time  the  oxalate  of  nickel  precipitated 
to  the  bottom  of  the  vessel ;  while  the  whole  of  the  oxalate  of 
cobalt  remained  in  solution.  Tlius  it  is  easy  to  separate  these 
two  metals  from  each  other  by  converting  them  into  oxalates, 
treating  the  oxalates  with.ammonia,  and  leaving  the  ammoniacal 
solution  for  some  days  in  an  open  vessel.  I  applied  this  method 
as  a  test  to  ascertain  the  purity  of  the  nickel  and  the  cobaH 
which  I  bad  purified  before  M.  Laugier's  paper  came  into  my 
possession.  I'fiad  the  satisfaction  to  find  that  it  neither  indicated 
the  presence  of  nickel  in  my  cobalt,  nor  of  cobalt  in  my  nickel; 
therefore^  if  M.  Laugier's  method  be  a  good  one,  I  had  succeeded 
beforehand  in  accomplishing  a  complete  separation  of  these  two 
metals. 
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The  method  of  proceeding  to  analyze  the  oreH  of  cobak  sug- 
gested to  Laugier  by  the  preceding  facts,  is  the  following : 

(1.)  Let  the  ore  be  roasted  to  dnve  off  as  much  of  the  arsenic 
as  possible. 

(2.)  Dissolve  the  roasted  ore  in  nitric  acid  and  evaporate 
nearly  to  drjrness  to  get  rid  of  the  arsenious  acid. 

(3.)  Pail  a  current  of  sulphuretted  hydrogen  gas  through  the 
liquid  tilf  the  whole  of  the  arsenic  and  copper  (if  any  be  present) 
b^  thrown  down,  n-  v       J      f  / 

(4.)'  Heat  the  liquid  to  drive  off  the  excess  of  sulphuretted 
hydrogen,  and  precipitate  the  metals  by  means  of  caroonate  of 
soda. 

(6.)  Treat  the  carbonates  with  oxahc  acid  to  separate  the  iron. 
Then  dissolve  the  oxalates  of  cobalt  and  nickel  m  ammonia  to 
separate  these  two  metals. 

Xaugier  informs  us  that  he  detected  nickel  in  the  cobalt  ore 
of  Tunaberg,  though  the  presence  of  that  metal  had  not  hitherto 
been  suspected  in  it. 

10.  Srass. — I  was  much  amused  by  a  remark  which  Mr.  GKU* 
has  thought  proper  to  make  upon  an  observation  of  mine  in  my 
Historicsu  Sketcn  of  Chemical  Science  for  1817.  I  stated  the 
weU-known  fact  that  old  Dutch  brass  was  much  more  valued  by 
watchmakers  than  British  brass^  and  gave  my  reasons  for  the 
difference  between  them.  The  Dutch  brass  is  a  compound  of 
two  atoms  copper  and  one  atom  zinc ;  while  English  brass  is  a 
compound  of  Qne  atom  copper  and  one  atom  zinc.  I  think  I 
generally  write  so  perspicuously  that  my  meaning  can  hardly  be 
mistaken ;  yet  Mr.  Gill  insinuates,  in  pretfy  broad  terms,  that  I 
considered  the  partiality  of  watchmakers  for  the  Dutch  brass  as 
a  prejudice  (Annals  of'  Philosophy^  xii.  125) ;  though  I  had 
statedy  in  as  clear. a  manner  as  I  could,  the  reason  of  the  superio- 
rity, of  the  Dutch  over  the  British.  The  prejudice  of  my  friend, 
the  watchmaker,  did  not  consist  in  consiaenng  the  Dutch  brass 
as  better  for  his  purpose  than  the  EngUsh,  which  is  really  the 
case  ;  but  in  supposing  that  the  art  of  making  that  good  kind  of 
brass  is  lost.  I  pointed  out  how  it  might  be  easily  manufactured 
at  the  pleasure  of  the  brass  maker ;  and  Mr.  Gill  informs  us  in 
the  article  already  quoted  that  his  father  in-law  intended  to  set 
up  a  manufactory  of  this  old  superior  kind  of  brass.  1  am  glad 
to  hear  it.  He  will  prove  the  truth  of  what  I  ventured  to  assert 
on  general  grounds,  that  modem  brass  makers  may,  if  they  think 
proper,  make  as  good  brass  as  that  which  the  watchmakeis  value 
so  highly. 

Whatever  Mr.  Gill  may  think  upon  the  subject,  I  must  be 
allowed  to  consider  my  observations  as  of  some  importance. 
They  were  founded  on  experiment,  and  they  explained  a  fact 
eenerally  known,  but  not  previously  accounted  for,  that  old 
Dutch  brass  is  superior  in  ductihty,  &c.  to  English  brass. 

11.  JBi^mu^A.— -It  was  observed  many  years  ago  b^  \i\>XQrj 


xl  Historical  Sketch  of  the  Physical  Sciences,  181 8, 

that  bismuth  may  be  substituted  for  lead  in  the  process  of  puri- 
fying gpld  and  silver  by  cupellation  ;  but  n9  accurate  experiments 
had  been  made  to  determine  whether  that  metal  could  be 
employed  to  ascertain  Exactly  the  quantity  of  alloy  contained  in 
gold  and  silver.  We  are  indebted  to  M.  Cnaudet  for  solving  this 
problem.  He  has  ascertained  that  the  bismuth  to  be  employed 
m  such  cases  must  be  freie  from  silver ;  that  if  it  contains 
arsenic^  which  is  commonly  the  case^  a  portion  of  the  silver  is 
driven  off  the  cupel  along  with  the  arsenic  and  lost:  that  a 
smaller  proportion  of  bismuth  must  be  employed  than  is  required 
of  lead ;  and  that  the  cupels  employed  must  be  less  porous  than 
those  used  when  lead  is  used  to  separate  the  alloys  from  gold  or 
silver ;  because  bismuth  has  the  property  of  inducing  so  great  a 
degree  of  fluidity  into  those  metals  tnat  they  are  apt  to  penetrate 
into  the  pores  of  an  ordinary  cupel  and  to  be  lost. '  It  follows 
from  the  experiments  of  Chaudet,  that  if  these  precautions  be 
attended  to,  bismuth  may  be  employed  as  well  as  lead  to  deter- 
mine thjB  purity  of  gold  and  silver.  The  following  table  exhibits 
the  quantity  of  bismuth  requisite  for  purifying  one  part  of  silver 
of  the  degrees  of  purity  marked  in  the  table : 


Alloy. 

Dose  of  bismuth 

Ratio  between  the 

Silver. 

Copper. 

necessarv. 

bismuth  and  copper. 

1000 

0 

•h 

0^0 

950 

60 

2 

40^0 

900 

100 

3 

30-0 

800 

200 

-     6 

30-0 

J700 

300 

8 

26-6 

600 

400 

10 

26-0      . 

500 

600 

11 

22-0 

400 

600 

12 

20-0 

300 

700 

12 

17-0 

200 

800 

12 

16-0 

100 

900 

12 

13-3 

0 

1 

1000 

8 

8-0 

(Ann.  de  Cbim,  et  Phys,  viii,  113.) 

12.  Tin, — This  metal  has  so  great  a  tendency  to  unite  with  a 
maximum  of  oxygen  that  the  preparation  of  its  protoxide  is 
fittended  with  some  difficulty.  '  I  have  generally  succeeded  by 
keeping  the  permuriate  >of  tin  in  a  close  vessel  in  contact  with  a 
quantity  of  metaUic  tin,  and  then  precipitating, the  protomuriate 
by  ammonia ;  but  this  method  is  not  always  attended  with  th^ 
desired  success.  M.  Cassola  has  given  us  a  process  which  he 
fissures  us  never  fails.  Upoh  filings  of  tin,  he  pours  nitric  acid 
diluted  with  ten  times  its  volume  of  water,  and  leaves  the  two 
piib3tp,nces  in  contact  for  48  hours,  ^  The  tin  acquires  a  brpwipush- 
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Uack  colour,  and  is  completely  converted  into  protoxide.  The 
nitric  acid  contains  in  solution  a  portion  of  protoxide.  When 
kept  for  some  time,  it  tets  fall  an  msoluble  subnitrate,  which  ia 
gradually  changed  into  peroxide  of  tin.  Besides  the  protoxide, 
there  is  a  yellowish  Ught  matter  which  floats  about  in  the  Uquid, 
and  which  may  be  separated  by  the  filter.  It  is  a  protohyarate 
of  tin.  'Acetic  acid,  when  left  in  contact  with  tin  filings, 
dissolves  a  portion,  and  converts  it  into  protacetate  of  tin,  but 
the  residual  tin  filings  are  not  oxidized.*— (See  Giomale  di 
Fisica,  Chimica,  &c.  1818,  p.  378.)  The  observations  which 
M.  Cassola  makes  on  the  peroxide  of  tin  contain  nothing 
which  has  not  been  long  known  to  chemists.  This  peroxide  is 
not  white,  as  is  stated  in  some  recent  systems  of  chemistry,  but 

JeQow;  and  it  is  insoluble  in  all  the  acids  which  I  have  tried, 
ts  hydrates  (for  there  are  several)  are  of  a  fine  white  colour, 
and  dissolve  readily  in  muriatic,  but  not  in  nitric  acid. 

13.  Mercury. — M.  de  Blainville  has  made  an  observation 
which  seems  entitled  to  attention,  and  which,  therefore,  I  notice 
here.  It  is  well  known  to  chemists  that  mercury  amalgamates 
very  easily  with  gold,  silver,  lead,  tin,  zinc,  bismuth,  and  arsenic; 
but  it  does  not  amalgamate  with  iron,  cobalt,  and  nickel ;  or  at 
least  the  amalgams  of  these  metals  cannot  be  formed  without 
considerable  difficulty.  Now  the  observation  of  M.  de  Blainville 
is,  that  when  these  metals  are  united  to  arsenic,  the  alloy  amal- 
gamates very  readily ;  so  that  by  the  intervention  of  this  metal, 
we  can  easily  procure  amalgams  of  those  metals  which  do  not,  in 
other  circumstances,  unite  to  mercury. — (Jour,  de  Phys.  Ixxxiv. 
267.) 

I  was  rather  surprised  to  find  (Annals  of  Philosophy j  xii.  67) 
that  Mr.  Donovan  had  concluded  from  his  experiments  that  the 
composition  of  the  oxides  of  mercury  is  as  follows  : 

Protoxide 100  mercury  +  4*12  oxygen 

Peroxide 100  mercury  +  7*82  oxygen 

These  numbers  are  inconsistent  with  the  doctrine  of  definite 
proportions,  which  has  been  perfectly  well  established.  The 
experiments  of  Fourcroy,  Sefstrom,  &c.  have  shown  that  the 
composition  of  these  oxides  is  as  follows : 

Protoxide 100  mercury  +  4  oxygen 

Peroxide 100  mercury  -f-  8  oxygen  ^ 

14.  Copper, — It  seems  hardly  worth  while  to  recall  the  attention 

*  I  may  observe  here  that  I  had  the  cariosity  to  try  this  process,  but  did  not 
find  it  to  answer.  The  mode*  which  1  have  asuaUy  foUowed  to  obtain  protoxide 
of  tin  is  to  dissolve  that  metal  by  means  of  heat  in  muriatic  acid.  1  put  the  solution 
into  a  welUstopped  phial,  placing  in  it  a  number  of  slips  of  tin.  These  slips 
rradoally  reduce  the  whole  of  the  dissolved  metal  to  the  state  of  protoxide,  I 
have  sometimes  seen  the  dissolved  tin  precipitated  upon  the  tin  in  crystalline  plates, 
kavio0  (be  metallic  lostre. 
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of  chemists  to.  the  specific  gravity  of  the  best  Japan  copper, 
which  I  found  only  8*434.  It  is  merely  valuable,  because  it 
eiiables  us  to  correct  the  statements  of  Cronstedt  and  Ber^an 
upon  this  subject.  They  made  the  specific  gravity  of  Japan 
copper  above  9.  Now  the  specific  gravity  of  the  very  purest 
copper  which  can  be  procured  is  somewhat  under  9,  even  when 
it  nas  been  'hammered  or  passed  between  roUers. — {Annals  of 
Philosophy y  xiii.  224.) 

I  may  allude  also  to  the  specimen  from  the  mint  which  I  ana- 
lyzed, and  which  I  found  a  mixture  of  protoxide  of  copper,  oxide 
of  iron,  and  sand.  It  is  valuable  merely,  because  it  snows  that 
the  protoxide  of  copjpermay,  in  certain  circumstances,  be  formed 
by  the  application  of  heat  ib  metallic  copper. 

M.  Chaudet,  to  whom  we  owe  a  set  of  experiments  on  the 
possibility  of  separating  tin  from  antimony  and  bismuth  by  means 
of  muriatic  acid,  experiments  of  which  an  account  has  been 
given  in  a  preceding  historical  sketch,  has  more  recently  made  a 
set  of  experiments  to  determine  whether  the  same  acid  be  capable 
of  separating  tin  from  copper  when  the  two  metals  are  alloyed 
'  together.  The  result  was,  that  in  whatever  proportion  the  two 
metals  are  alloyed,  they  cannot  be  accurately  separated  by 
^  muriatic  acid.  In  general  the  copper  prevents  the  tin  from 
dissolving  so  readily  in  muriatic  acid  as  it  would  have  done  had 
it  been  pure.  Hence  the  last  portions  consist  of  copper  still 
alloyed  with  a  notable  proportion  of  tin. — (See  Ann.  de  Chim.  et 
Phvs.  vii.  274.) 

13.  Silver, — In  the  Annals  of  Philosophy y  xii.  143,  is  given  a 
very  easy  method  of  reducing  silver  from  its  chloride  to  the 
metalUc  state,  for  which  we  are  indebted  to  M.  Arvedson.  The 
method  is  this  :  put  into  a  conical  glass  a  quantity  of  granular 

-  zinc,  cover  it  with  chloride  of  silver,  and  then  pour  it  on  some 
diluted  sulphuric  acid.  The  hydrogen  gas  evolved  speedily 
reduces  the  silver  to  the  metaluc  state.     I  have  verified  this 

•  method,  and  found  it  to  answer  perfectly  well. 

14.  •P/a^titt£m.— Mr.  Heuland  mus  favoured  us  with  an  authentic 
account  of  the  mass  of  platinum  deposited  in  the  Royal  Museum 
at  Madrid.  It  is  obviously  the  largest  mass  hitherto  found.  It 
weighs  above  a  pound  and  three  quarters. — {Annals  of  PhiUh- 
sophyy  xii.  200.) 

r  beg  leave  to  call  the  attention  of  those  manufacturers  who 
have  occasion  for  platinum  vessels  to  the  mode  of  purifying  that 
metal  proposed  by  the.  Marquis  of  Ridolphi,  of  which  an  account 
will  be  found  in  the  Annals  of  Philosophy y  xiii.  70.  It  will  not 
yield  a. pure  metal,  but  I  thiuK  it  hkely  that  it  would  answer  suffi- 
ciently for  all  the  purposes  to  which  that  metal  is  applied  by 
manufacturers,  and  it  would  enable  them  to  procure  the  metal  at 
a  mi^ch  .smaller  price  than  can  be  at  present  charged  for  it,  in 
confi^equehce  of  the  very  expensive  process  by  which  it  purified. 

If  we  can  believe  the  accounts  which  have  reached  us  firom 
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Vienna^  M.  Prechtel,  director  of  the  Polytechnic  Institute,  has 
fused  platinum  in  furnaces  by  subjecting  it  to  a  heat  of  160* 
Wedgewood.  Ttie  fusion  however  seems  to  have  been  rather 
iftcompiete  ;  for  if  it  had  been  complete,  one  cannot  see  how 
die  specific  grayity  should  have  sunk  21^  to  17|-. — (See  Aumah 
of  Pnilosopky,  xiii.  229.) 

v.    ACIDS. 

In  this  department,  as  well  as  in  several  others,  a  considerable 
number  of  new  facts  have  been  brought  to  view.  Several 
new  acids,  chiefly  from  the  vegetable  kmgdom,  have  been  dis- 
covered ;  and  fieveral  bodies,  formerly  considered  as  pecuUar 
acids,  have  been  shown  to  be  nothing  more  than  vaneties  of 
other  acids  previously  known.  1  shall  endeavour  to  place  these 
fects  before  the  eye  of  the  reader  in  as  few  words  as  possible, 

1 .  Combination  of  Oxygen  with  4ctds, — Thenard  thought,  as 
has  been  stated  in  Xh^  Annah  of  Philosophy ^  xiii.  1,  that  oxygen 
may  be  imited  with  muriatic,  nitrous,  sulphuric,  and,  indeed,  all 
the  acids  tried  in  any  proportion  whatever,  by  combining  with  it  x 
the  peroxide  of  barytes^  and  then  throwing  down  the  barytes  by 
means  of  sulphuric  acid ;  but  he  has  since  found  that  the  oxygen^ 
in  reality,  unites  not  with  the  acids  but  with  the  water,  convert- 
ing it  into  a  deutoxide  of  hydrogen. 

2.  Hydriodic  Acid, — It  would  appear  from  a  set  of  experi- 
ments by  Houton  Labillardiere,  of  which  an  account  has  been 
given  in  the  Annals  of  Philosophy,  xii.  233,  that  when  equal 
volumes  -of  hydriodic  acid  and  bihydroguret  of  phosphorus, 
both  in  the  gaseous  state,  are  mixed  together,  the  two  gases 
are  condensed  into  a  solid  matter  of  a  white  colour,  and  crys-^ 
tallize  in  cubes.  This  compound  is  decomposed  by  water  and 
alcohol ;  one  vc^ume  of  common  phosphuretted  hydrogen  gas, 
and  two  volumes  of  hydriodic  acid  gas,  hkewise  condense  over 
mercury  into  a  white  solid  matter. 

3.  oulphuretted  Hydrogen. — M.  Gay-Lussac  has  given  a  for- 
mula for  preparing  this  gas,  which  must  prove  very  acceptable 
to  practical  chemists.  Two  parts  of  iron  filings,  and  one  part 
of  flowers  of  sulphur,  are  to  be  mixed  together  and  put  into  a 
matrass.  As  much  water  is  to  be  added  as  will  convert  the 
whole  into  a  paste ;  the  matrass  is  then  to- be  heated,"  to  favour 
the  union  of  the  sulphur  and  iron.  This  union  is  indicated  by 
the  disengagement  of  a  great  quantity  of  heat,  and  by  the  black 
colour  which  the  whole  mass  assumes.  Sulphuric  acid  diluted' 
with  four  times  its  weight  of  water,  disengages  sulphuretted 
hydrogen  gas,  from  this  compound,  with  almost  as  much  ra- 
pidity as  iTom  an  alkaline  hydrosulphuret.  There  is  no  ad- 
vantage in  preparing  this  substance,  till  it  is  going  to  be  used ; 
for  it  IS  speedily  altered,  and  a  very  short  time  is  sufficient  for 
preparing  it.  Gay-Lussac  is  of  opinion  that  this  singular  com- 
pound is  a  hydrosulphuret  of  iron,  (Ann,  de  CYum..  el  Y\v>3^, 
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vii.  314.)    I  have  often  practised  this  method  since  Gay-Lussac 
pointed  it  out  and  have  found  it  to  answer  very  well. 

4.  HydrosulpKurous  Acid, — I  have  given  this  name  to  a  pecu- 
liar compound  formed  wherever  three  volumes  of  sulphuretted 
hydrogen  gas^  and  two  volumes  of  sulphurous  acid  gas^  both 
dry,  are  mixed  together  over  mercury ;  these  two  gases  condense 
each  other  when  mixed  in  the  above  proportions.  The  com- 
pound formed  is  a  solid  substance,  which  has  an  orange  yellow 
coloiur.  Its  taste  is  at  first  acid,  but  becomes  at  last  not,  and 
continues  in  the  mouth  for  some  time.  It  gives  a  red  colour  to 
vegetable  blues,  provided  the  least  moisture  be  applied  at  the 
same  time.  It  is  decomposed  by  liquids,  and  does  not  combine 
.with  the  salifiable  bases  while  dry.  It  does  not  precipitate 
barytes  water,  except  when  boiled  in  it  for  some  time,  it  re- 
quires a  higher  temperature  for  fusion  than  conmion  sulphur ; 
but  it  is  converted  into  that  substance  if  it  be  kept  in  fusion  for 
some  time.^ — (See  Annals  of  Philosophy y  xii.  441.) 

6.  Acids  of  Tungsten  and  Uranium. — Chevreul  has  shown 
that  the  peroxides  of  these  two  metals  have  the  property,  of 
reddening  litmus  paper,  and  has  therefore  concluded  that  they 
ought  to  be  ranked  among  the  acids. — (See  Annals  of  Philo-^ 
sophy,  xii.  144.)  I  may  remark  that  the  acid  nature  of  these 
bodies  had  been,  already  demonstrated  by  much  more  decisive 
quahties  than  the  reddening  of  litmus  paper.  Tungstic  acid 
combines  with  the  acidifiable  bases,  and  forms  neutral  salts, 
some  of  which  are  crystallizable.  The  peroxide  of  uranium 
•  unites  with  potash,  and  neutraUzes  it.  It  h€LS  been  found  native 
united  to  hme,  and  in  all  probability  has  the  property  of  neu- 
traUzing  all  the  salifiable  bases  and  of  forming  salts  with  them. 
Uranium  then  agrees  with  manganese  in  being  capable  of  form- 
ing an  alkaline  body  with  one  proportion  of  oxygen,  and  an  acid 
body  with  another  proportion ;  for  nothing  can  be  more  com- 
pletely entitled  to  the  appellation  of  a  salt  than  the  compounds 
which  the  protoxide  of  uranium  forms  with  sulphuric  and  nitric 
acids. 

6.  Sulpho-^hyazic  Acid. — ^Two  valuable  experimental  papers 
have  appeared  upon  this  interestii^g  acid,  one  by  Theodore  von' 
Grotthuss,  the  other  by  Vogel.  A  translation  of  both  has  ap- 
peared in  the  Annals  of  Philosophy,  xiii.  39,  89,  101.  I  have 
verified  M.  Vogel's  formula  foi"  preparing  this  acid.  It  is  merely 
an  improvement  of  the  method  invented  by  Theodore  von  QroU 
thuss.  In  my  trials  I  found  it  to  answer  extremely  well.  Being 
a  much  shorter  and  easier  method  than  that  contrived  by  Por- 
rett ;  it  will  no  doubt  be  employed  by  chemists  to  enable  them 
to.  procure  this  curious,  though  hitherto  much-neglected  acid. 
The  modified  process  of  Grotthuss  is  as  follows  : 

Mix  together  equal  q^uantities  of  prussiate  of  potash  and  flowers 
of  sulphur ;  put  tne  mixture  into  a  matrass,  expose  it  to  a  heat 
sufficient  to  fuse  it,  and  keep  it  in  a  state  of  fusion  for  an  hour 
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after  it  has  ceased  to  give  out  air  bubbles ;  then  reduce  the 
fused  mass  to  powder^  and  pour  hot  water  on  it ;  filter  the  so- 
lution and  drop  into  it  caustic  potash  till  all  the  iron  which  it 
contains  is  precipitated  ;  filter  the  liquid  and  concentrate  it  suf- 
ficiently by  evaporation.  The  sulpho-chyazic  of  potash  is  ob- 
tained in  crystals.  This  salt  is  white,  deliquesces  in  the  air,  and 
is  very  soluble  in  alcohol.  When  a  solution  of  this  salt  is  dissolved 
in  water  and  mixed  with  sulphuric  acid,  it  yields,  when  distilled, 
water,  holding  pure  sulpho-chyazic  acid  in  solution.  This  liquid 
is  colourless.  I  find  that  when  kept  it  undergoes  spontaneous 
decomposition.  It  ought^  according  to  Vogel,  to  oe  kept  in 
small  phials  quite  filled  with  it.  When  ne^ly  prepared  it  has  a 
pecuUar  pungent  smell,  reddens  vegetable  blues,  and  has  an 
acid  taste,  ft  does  not  precipitate  barytes  water,  and  the  pre- 
cipitate which  it  occasions  in  acetate  of  lead  is  soluble  in  cold 
water. 

Grotthuss  made  a  very  ingenious  set  of  experiments  to  deter- 
mine the  composition  of  this  acid.  According  to  him  the  con- 
stituents are  as  follows : 

3  atoms  sulphur =  60*00 

1  atom  carbon =    7*54 

1  atom  azote   =  17*64 

3  atoms  hydrogen =s    3*98 

89*06 

But  this  analysis,  however  ingenious,  was  not  performed  in  a 
way  suflSciently  rigid  to  produce  conviction.  He  shows  that 
when  sulpho-chyazate  of  potash  is  decomposed  by  sulphuric 
acid  and  heat,  that  sulphate  of  ammonia  is  formed.  Hence  he 
concludes  that  the  azote  and  the  hydrogen  exist  in  sulpho- 
chyazic  acid  m  the  same  proportion  in  which  they  exist  in  am- 
monia ;  or  three  atoms  of  hydrogen  to  one  of  azote.  By  de-  . 
composing  a  given  weight  of  sulpho-chyazate  of  potash  by 
means  of  chlorine,  and  ascertaining  the  weight  of  the  sulphur, 
sulphuric  acid,  and  carbonic  acid  evolved,  he  ascertained  that 
the  sulphur  and  carbon  in  sulpho-chyazic  acid  are  to  each  other 
as  the  numbers  2*6  to  0*328.  But  these  numbers  are  the  same 
as  6  to  0*758.  Now  6  is  the  weight  of  three  atoms  of  sulphur, 
and  0*756  is  very  nearly  the  weight  of  an  atom  of  carbon ;  so 
that  this  acid  contains  3  atoms  of  sulphur  and  1  atom  of  carbon, 
or  at  least  the  sulphur  and  carbon  in  the  acid  bear  that  ratio  to 
each  other.  Having  determined  these  two  ratios,  Grotthus  as- 
certained the  quantity  of  sulphur  contained  in  this  acid.  The 
result  of  his  experiment,  which  approaches  very  near  that  of 
Porrett,  is  that  100  parts  of  tlie  acid  contain  67*3  parts  of 
sulphur.  These  were  the  data  from  which  the  constituents  of 
the  acid  are  estimated.    The  defective  part  of  the  deduction  is 
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the  inference  that  the  azote  and  hydrogen  in  the.  acid  exist  in 
the  same  ratio  as  they  do  in  ammonia,  merely  because  ammonia 
was  formed  when  the  acid  was  decomposed.  Before  such  a 
conclusion  can  be  admitted  as  demonstrated,  it  would  be  neces^ 
8ary  to  show  that  the  whole  of  the  azote  and  hydrogen  is  emploved 
in  the  formation  of  ammonia,  which  Grotthusnas  not  done.  When 
cyapogen  is  decomposed  by  allowing  it  to  stand  dissolved  in 
water,  ammonia  is  formed,  yet  the  azote  and  hydrbgen  do  not 
exist  in  that  substance  in  the  same  proportion  as  in  ammonia. 
When  concentrated  nitric  acid  is  made  to  act  upon  tin,  am^ 
monia  is  evolved ;  yet  one  of  the  constituents  of  it  in  this  case 
is  derived  from  the  acid,  and  the  other  from  the  water. 

Vogel  has  pointed  out  other  inaccuracies  in  the  mode  of 
analysis  adopted  by  Grotthuss,  which  destroys  all  the  deductionsr 
which  that  cnemist  has  endeavoured  to  establish.  He  himself 
is  disposed  to  consider  the  acid. as  a  compound  of  hydrocyanic 
acid  and  sulphur ;  but  this  cannot  be  established  without  a  more 
rigid  analysis  than  has  yet  been  given.  Mr.  Porrett's  analysis 
is  by  far  the  most  ingenious  and  complete  one  which  has  yet 
appeared ;  but  it  is  not  quite  satisfactory. 

Grotthuss  is  of  opinion  that  this  acid  is  a  hydracid,  or  a 
compound  of  hydrogen  united  to  a  batse.  To  this  supposed  base, 
which  however  he  aid  not  succeed  in  obtaining  in  a  separate 
state,  ^he  has  given  the  unwieldy  appellation  o(  anthrazothion, 
I  consider  it  as  needless  to  make  any  observations  on  his  names  ^ 
as  there  is  no  great  probability  of  their  being  adopted,  at  least 
in  Great  Britain ;  their  enormous  length  alone  would  be  an  in- 
aurmountable  objection.  Indeed  I  think  it  ought  to  be  laid 
down  as  a  rule  in  chemistry,  that  the,  names  of  substances 
should  not  exceed  two,  or  three  or  four  syllables  at  most.  This 
supposed  base  is  considered  by  Grotthuss  as  a  compound  of 
all  the  constituents  of  sulpho-chyazic  acid,  except  the  hydrogen ; 
namely, 

-  3  atoms  sulphur =  6O0 

.     1  atom  carbon =  075 

1  atom  azote ^  . ,  =  1-75 

But  we  have  no  evidence  of  the  existence  of  this  supposed 
base,  at  least  in  a  separate  state.  I  conceive  it  to  be  unneces^ 
»B»y  t6  notice  any  of  the  many  other  important  facts  contained 
in  tl>6meiftoir9  of  Grotthuss  and  Vogel.  I  must  refer  the  reader 
for  ftffther  information  to  the  memoirs  themselves  as  they  are 
printed  in  the  Annals  of  Philosophy,  xiii.  39,  89,  101.* 

•  Wme  thk  •bservatiAos  coAtainod  ift  the  text  were  written,  Mr.  Porrett  haft 
f  HbUiriied  a  new  Analysis  of  this  acid,  and  has  shown  that  his  former  n<^tioot . 
ffspecti^f  it9  comjk^iion  were  correct.    We  may  therefore  coobider  it  as  a  com* 

3  ■.       '•    ^ 
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7.  Ferro^hyazU  Acid. — Mr,  Porrett  has  discovered  a  method 
of  procuring  this  acid  in  the  state  of  crystals.  He  dissolves  58 
grains  of  tartaric  acid  in  alcohol,  and  mixes  the  solution  with  a 
solution  of  60  grains  of  prussiate  of  potash ,  dissolved  in  two  or 
three  drachms  of  hot  water.  Jhe  potash  and  tartaric  acid  se- 
parate in  the, state  of  bitartrate  of  potash.  The  alcohoUc  solution 
retains  only  theferro-chyazic  acid,  which,  by  spontaneous  eva- 
poration, is  deposited  in  the  state  of  small  cubic  crystals.  ( J./^- 
nakof  Philosophy y  xii.  216.) 

When  I  punhshed  my  experiments  on  the  composition  of 
ferro-chyazic  acid,  i  was  far  from  considering  the  results  which 
I  obtained  as  precise,  as  will  obviously  appear  to  any  one  who 
takes  the  trouble  to  peruse  the  paper  in  question.  But  my  rea- 
son for  publishing  them  was,  that  they  were  as  accurate  as  I 
could  make  them  with  the  kind  of  apparatus  which  I  emj^oyed. 
I  have  since  modified  and  improved  tnis  apparatus  considerably; 
but  have  not  yet  brought  it  to  a  degree  ot  precision  on  which 
fall  confidence  can  be  put.  But  I  expect  very  soon  to  be  pro- 
vided with  one  possessed  of  all  the  requisite  precision.  As  soon 
as  this  is  the  case,  I  shall  repeat  my  experiments  again,  and 
flatter  myself  that  the  result  will  be  more  satisfactory.  Mr. 
Porrett  has  favoured  us  with  an  analysis,  which  is  certainly  more 
likely  to  be  accurate  than  mine,  as  it  agrees  with  the  atomic 
theory.  But  from  the  many  experiments  which  I  have  made  on 
the  analysis  of  combustible  substances  by  means  of  peroxide  of 
copper,  I  am  satisfied  that  we  cannot  venture  to  draw  conclu- 
sions from  one  solitary  experiment,  without  the  utmost  hazard 
of  deceiving  ourselves.  I  shall  not  make  any  observations  on 
the  weights  of  atoms  used  by  Mr.  Porrett  in  his  calculations, 
though  1  have  no  doubt  that  they  are  less  precise  than  those 
which  I  empfoy,  because  I  propose  to  return  to  this  subject  in 
a  future  paper. 

8.  Purpuric  ilcid.— This  is  the  name  given  by  Dr.  .Wollastou 
to  a  new  acid  discovered  by  Dr.  Prout,  and  formed  by  the  action 
of  nitric  acid  on  uric  acid.  The  process  by  winch  this  acid  may 
be  obtained  is  as  follows : 

Dissolve  pure  uric  acid  in  dilute  nitric  acid;  after  the  solution  is 
completed,  saturate  the  excess  of  nitric  acid  with  ammonia,  and 
then  slowly  concentrate  by  evaporation.  As  the  concentration 
advances,  the  liquid  becomes  dark  coloured,  and  dark  red  gra- 
nular crystals  soon  separate  in  abundance.  These  are  crystals 
of  purpurate  of  ammonia.    These  crystals  are  to  be  dissolved  in 

pound  of  2  atoms  sulphur  and  1  atom  of  hydrocyanic  acid ;  or  its  constituents 
may  be  represented  thus : 

S  atoms  sulphur.... »  4 

2  atoms  carbon =^  1*5 

1  atom  azote. =   1*75 

-1  atom  hydiogefl =  0*125 

7*375  »  atom  of  sttl^bo- 
chyazic  ^cXA.'^ifie^  AnnaU  of  Philo$ophify  xWu  356.) 
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caustic  potash,  and  heat  applied  to  the  solution  till  the  tied 
colour  entirely  disappears.  Drop  the  alkaline  solution  into  di-' 
lute  sulphuric  acid^  the  purpuric  acid  separates  in  a  state  of  purity* 

Purpuric  acid,  thus  obtained,  is  a  cream-coloured  powder, 
destitute  of  taste  and  smell.  It  is  scarcely  soluble  in  water,  and 
not  soluble  in  alcohol  or  ether.  It  dissolves  in  the  concentrated 
mineral  acids,  but  not  in  these  acids  when  in  a  state  of  dilution, 
nor  in  solutions  of  oxalic,  citric,  and  tartaric  acid.  Concentrated 
nitric  acid  dissolves  it  with  effervescence,  and  if  heat  be  applied, 
purpurate  of  ammonia  is  formed.  Chlorine  produces  the  same 
changes  as  nitric  acid.  It  dissolves  in  concentrated  acetic  acid 
when  assisted  by  heat. 

It  does  not  redden  litmus  paper,  does  not  attract  moisture 
tcora  the  atmosphere;  but  assumes  a  reddish  colour,  and  iis 
apparently  converted  into  purpurate  of  ammonia.  When  heated, 
it  neither  melts  nor  sublimes,  but  acquires  a  purple  colour,  and 
then  bums  away  without  yielding  any  remarkable  odour.  When 
distilled,  it  yields  carbonate  of  ammonia,  a  little  pmssic  acid, 
and  an  oily  looking  fluid,  while  a  pulverulent  charcoal  remains 
behind.  Its  constituents,  as  determined  by  heating  it  with 
peroxide  of  copper,  were  as  follows  : 

2  atoms  hydrogen.  . . . . , =  0*25 

2  atoms  carbon s=   1-60 

2  atoms  oxygen =  2'00 

1  atom  azote =  1*75 

Too 

If  this  analysis  be  correct,  the  weight  of  an  atom  of  purpuric 
acid  is  precisely  the  same  with  that  of  an  atom  of, sulphuric 
acid  ;  consequently  the  constitution  of  the  sulphates  and  purpu« 
rates  will  be  the  same.  This  would  require  to  be  determined  by 
analysis,  before  we  can  have  any  precise  notion  of  the  weighs  of 
an  atom  of  purpuric  acid. 

Most  of  the  purpurates  have  a  red  colour*  Purpurate  of 
lo^monia  crystallizes  in  four-sided  prisins,  which  by:  tvaqsipiUed 
light  are  deep  garnet  red,  but  by  reflected  hght  appear  of  a  bril- 
liant green.  Most  of  the  oU^er  p.urpurates  post^ess  the  same 
pecuUarity.  Purpurate  of  ammonia  is  soluble- in  a^out  1600 
times  its  weight  of  water  at  60^,  but  it  is  much  more  soluble  in 
iiot  water^  The  solution  has  a  slightly,  sweetish  taste,  no  smelly 
-and  n  fine.  crijiQSon  colour.  Purpurates  of  potash  and  of  mag- 
nesia are  much  more  soluble  than  purpurate  of  ammonia  or 
.purpurate  of  soda.  Purpur^tp  of  }im.e  resembles  in  colour  the 
crust  of  the  lobster  before  boiling>,  Purpumtes  of  lime,  barytes, 
strontian,  alumina,  silver,  arid  mercury,  seem  to  be  least  soluble  ; 
^hile  purpurates  of  goM,  platinum,  lead,  zinc,  tin,  copper, 
nidkel,  cooa^^  aad  iron,  .are  most  0oltthle.-*-(See  Phil.  Trans. 
1818,  p.  240.) 


9.  Cringaic  ilcic^.— Oin^ko  biloba  is  a  name  given  bjr  Linnttus 
lo  a  tree  from  Japan,  which  was  broojErht  to  ]&gland  about  the 
middle  of  the  last  centary,  and  whicn  has  ffr^ually  made  its 
way  to  all  the  other  coantries  of  Europe.  It  blossomed  for  the 
first  time  in  England,  and  Sir  James  Edward  Smith  published  a 
description  of  it  under  the  name  of  Salisburya  aaianthifolia. 
This  name  has  been  adopted  by  Wildenow,  and  in  the  n#w 
edition  of  the  plants  in  Kew  Gardens ;  but  almost  all  other  beta* 
nista  have  retained  the  old  name.  M.  Peschier  has  lately  made 
some  experiments  on  the  juice  obtained  by  expression  from  the 
fruit  of  tnis  tree,  which  is  about  Ihe  size  of  a  nut.  Its  taste  w 
astringent ;  it  reddens  vegetable  blues,  and  contains  in  it  an  acid 
which  bears  a  close  resemblance  to  the  gaUic  acid ;  but  which 
M.  Peschier  considers  as  possessing  peeuhar  properties,  and 
which,  on  that  account,  he  has  distinguished  by  tne  name  of 
gin^oic  acid.  The  following  table  exhibits  the  comparative 
action  of  ffaUic  acid  obtained  by  subhmation,  and  of  the  juice  of 
the  fruit  of  the  gingko  upon  different  reagents. 


Gallic  Acid. 

1.  Precipitates  calcareous  salts. 

2.  Does  not  alter  the  salts  of 
barytas,  strontian,  and  mag- 
nesia. 

3.  Renders  lime-water  brown, 
without  occasioning  a  preci- 
pitate. 

4.  Forms  a  brown  cloud  in 
barytes-water,  which  is  re- 
dissolved. 

6.  With  strontian  water,  the 
same. 

8.  Has  no  action  on  muriate  of 

platinum. 

7.  Fprms  a  brown  precipitate 
in  a  solution  of  gold. 

8.  A  brown  precipitate  in  ace- 
tate of  copper. 

8.  No  action  on  sulphate,  ni- 
trate, and  muriate  of  copper. 


U)»  Changes  ammoniacal  sul-^ 
.  phate  of  copper  to  brown ; 
.   but  no  precipitate. 
11.  Very  little  action  on  acetate 
of  l«m,  and  none  on  nitrate* 

Vol.  XIII. 


Juice  of  the  Fruit  of  Gingko. 

1.  Ditto. 

2.  Ditto. 


3.  Forms  a  white  precipitate, 
which  becomes  gradually 
brown. 

4.  Forms  a  permanent  brOwn 
precipitate,  and  the  Uquid 
remains  brown* 

6.  Ditto. 

6.  Ditto. 

7.  Forms  a  reddish-yellow  pro* 
cipitate,  which  becosnei 
brown. 

8.  Ditto. 

9.  A  brown  precipitate  in  die 
nitrate  and  munate,  a  sl^ht 
greenish  cloud  in  the  bu1» 
phate. 

10.  Occasions  4  Uvishrgreen 
precipitate. 

11*  Ponm  white  jmcipitatie 
with  all  the  eQl|riiiQi|a4£\Mi^ 
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GaUic  Acid* 

...  ■ 

.:12»  ISo  action  on  salts  of  sine. 

I 

J3.  DiltOy  with  nitrate  of  silver 
and  salts  of  manganese. 


'14«  No.  action 
salts. 


on   mercurial 


:I6^  No  effect  on  sulphate  of 

.   iron  at  the  instaat  of  mixture; 

.:  but  the  colour  becomes  ame- 

,:  thystine,.  blackens  in  24 
hours,  and  lets  fall  a  black 

•i(fpreci{Htate. 

1&  Persulphate  of  iron  thrown 
down  ot  adeepbltt^. 

.17.  Forms  brown  p'ecipitates> 
with  xiitrate  and  muriate  of 

;  wm,  which  redissolve,  and 
&fe  a  brown  colour  to  the 

.    uquid^   In  acetate  of  iron 

.  forms  a  yetj  Ught  black  pre- 
cipitate, which  remains  sus- 

•    pended  several  days. 


Juice  of  the  Fruit  of  Ginglm* 

12.  Forms  white  precipitateain 
all  the  salts  of  zinc. 

13.  Precipitates  nitrate  of  sil- 
ver ana  salts  of  manganese 
white. 

14.  A  white  precipitate  in  cor- 
rosive subhmate,  and  a  ca» 
nary  yellow  ditto  in  nitrate 
of  mercury. 

16.  Ditto  ;  only  the  precipitate 
is  not  black,  but  continues 
amethystine. 


16.  Ditto  precipitated  green, 
and  the  hqtiid  remains  creen. 

17.  Gives  permanent  brown 
precipitates  in  the  nitrate 
and  muriate  of  iron.  With 
acetate  of  itow  exhibits  the 
same  phenomena  as  galbe 
acid  does. 


(Bibl.  Univers.  vii.  29.)— 


I  think  these  experiments  hardly  warrant  the  inference  drawa 
by  M.  Peschier,  that  this  juice  contains  a  peculiar  acid.  It  is 
much  more  likely  thai  the  acid  present  is  the  gallic,  and  that  th£ 
variations  observable  in  the  preceding  table  are  owing  to  the 
fraience  of  some  other  vegetable,  bodiej^  in  the  juice  of  the 
miffko,  which  are  of  course  wa]^t;i^g  inthe  soluti<m  x>f  ^altio  acid. 

.^ie|ore  thepecuUarnatimaf  tiwi.4f^4.^.!^&^^  musfc.be 

jjjimmA  in  a  separate  stat^,,fuidtiijpwst/^  |hat 

ptate  it  conUins  jpecidi^ll  ;      ti ..  •  - 

10.  Mecomc  Acid. — ^Tms  acid  was  first  recognised  by  ,SertijuiE^ 
«er  in  p^ovin ;  but  .his  a^^([^o|uit  itf j$r.in^^  and^  on.  Jthal 

account  dpubts  have  ^Qf^v<t^9w?^  b^^ilpjQ^ci:  ^e^odsts  upcoi  its 
ipecfilia^  nt^t^re^ '  H*  ^^y/wk  W.^^j^  f^'  T^  simple  joodt 
iO^  {uepaiing  it,  whi^ciiiwSHi  i^iIyo)|!^^^ij$%  power  og  otbec  wf" 
iiomi^b.^ijmfy^  it.    The 

.pifpcess  IS  as  loilp^s;.  J. j.ff^  M:f;^^i  I  oj^  ,-ri  ao>>'i/'"'i  :'.  ■  >'  \  ' 

.c.J[Jia.|rtiipicin  cf  opii^  »4»i.bf  #^  frcfm  fl^Jiphia,  w»d  on* 
K0^i  be  taken  that  it,  .^q^  nf]^  Q^gJ^a^Y.^cpsfBqf  ammqwa. 
Into  this  illusion  m9fia^^t>t^  W  ppwd  as  long  as 

M^ffWW  when  wdl 


■    ■  r 

■••■v.  I- 


raleS  in  a  mortar  with  its  own  weight  of  glassy  boracic  aicid,  and 
heated  sufficiently  in  a  glass  flask,  the  mecoilic  acid  aubbmea  m 
the  state  of  fine  white  scales  or  plates  (see  Annals  of'  FMlotopAy, 
xiii.  229).  This  acid,  according  to  Choulant,  possesses  t» 
iUlowing  properties :  > .  ' 

Taste^  strongly  acid,  with  an  impression  of  bitterness.  Solubla 
in  water,  alcohpl,  and  ether.  Reddens  vegetable  blues,  and 
changes  the  solutions  of  iron  to  a  c/ierry-red  colour.  When 
these  solutions  are  heated,  the  iron  is  precipitated  in  the  state  of 
protoxide.  From  the  experiments  of  Vogel,  we  learn  that  it  is 
only  on  the  persalts  of  iron  that  the  meeonic  acid  product  th» 
colour.  This  property  then  is  common  to  the  meconic  and  sulpho- 
chyazic  acid.  Meconic  acid,  it  would  appear  from  the  efxperi- 
ments  of  Scemmering,  is  not  of  a  poisonous  natiue.—- (ibid.  xiiL 
105.) 

IL  Malic  Acid. — A  very  important  set  of  experiments  ontl# 
different  substances,  considered  as  containing  malic  acid,  hm 
been  published  by  M.  Braconnot.  He  examined  the  juice  of 
apples,  of  the  house-leek,  Sec.  I  consider  these  experiments  to 
leave  no  doubt  whatever  that  the  malic  acid  of  Scneele;  'wi^en 
brought  to  a  state  of  purity,  is  identical  with  the  sotfbic  add  of 
Mr*  I>onovan.  Of  course  there  are  not  two  distinct  acids,  ait- has 
been  hitherto  supposed,  but  merely  one  acid.  It  has  been  called 
malic  acid  when  m  a  state  of  impurity,  and  sorbte  acid  when 
obtained  in  a  sufficiently  pure  state.  To  Mr.  Donovan  thenrwe 
are  indebted  not  for  the  discovery  of  a  new.  acid,  but  for  pointing 
out  a  method  of  obtaining  an  old  acid  in  a  state  of  purity,  and  of 
course  in  such  a  state  that  its  characters  can  be  recognized  and 
established.  Since  this  is  the  case,  it  seeihs  but  fair  to  return 
sgain  to  the  original  name  ^ven  to  this  acid  by  Scheele,  jAo 
was  undoubtedly  the  ori^nu  discoverer  of  it^  though  be  did  not 
Sttcceedlli  procuriqg  H  in  It  state  of  complete  purity. 
;^'Malic  acid  then,  when  pure,  i&  coloimess,  soluble  in-watel^ 
Ueohfdty'^nd  ether,  and  isq^pable-of  ^nrstaHizing.  ItivreaditjT 
^iiHimed  when*  heaied,  but  die  snblimed'emtals  j^dissess  charsc* 
^  «6iite«^hat  cBffettai  frM^  oJrttiaHc%dd  befbrei  it  has 

been  exposed  to  heat.    The  ttt^d^'^tis^fdterM,  has  been  ctaHed 
fj^bi^nuUic itulid.  -'■' '  '^■^■■'  --''■';  '^*--''  ''^ '-  •'      \-  '^  '  '"     '• 
"^  *  MOatlj  of  misgnesi^  asid  maiate  .bf  ^nc  cnstalliEe  readily ;  Vtft 
iti^MAf  of  pdtasn  ahd  lioda  are  in^j^Ue  of  crystallizihg.         " 
'  >  f%f^^^^^  mtrat^  of Hlneynor  nitfttte 

^^^9Hef,  nortdtreite  of'tnercuiy.    With  acetate  of  lead- it  ft 


lercur^. 
a  Whit6  precipitate  sbldbie  in  distiBed  'vinlbgar,  and'even  in  boil- 
ing water,  ft  produces,  no  sensible  change  wh^h  drctoped  info 
Onie  ^'  barytet*wat(sr.  Blidh  Jreadeiii  as '  are  ihteresteff  in  Vege- 
table 'pbysiolo^  AotM' peruse  the  p&per  of  Braebnnot'  above 
llluded  t6.  It  18  to  befound  in  the  Ann:  de  Chim.  et  PhVs.  viii. 
149.  A  good  deal  of  viAviable  kformatioii  will  be  foui^d  tikewisb 
in  M.  Bnconaot'a  BaMr  ii»  a^fbie  acid j-  and  in  tlMLt  ^llL.Nvi<4 

42 


JU  Hiiiofical  Sketch  ofiki  Physical  Sciences,  1818. 

dnelin  on  the  tame  Bubject,  of  both  ivhich  to  account  will  be 
Kond  in  the  Annals  of  Fhihsaphy,  xii.  290. 
'  12.  GaUic  Aeid.^M,.  Braconnot,  who  has  turned  a  great  deal 
.rfhia  attention  to  vegetable  Bubstancea,  has  published  a  method 
of  procuring  gaUic  acid,  which  promises  to  be  more  economical 
•nd  much  more  effectual  than  any  of  the  processes  hitherto 
^proposed.  It  is  founded  on  the  original  process  of  Seh«ele, 
•wbichy  however,  Braconnot  has  shortened,  and  considerably 
modified.    His  process,  as  he  has  described  it,  is  as  follows  : 

Two  hundred  and  fifty  grammes  of  nutgalls  were  infused  for 
four  days  in  a  litre  of  water  (nearly  half  a  pound  avoirdupois  of 
nutgalls  in  a  wine-quart  of  water),  taking  care  to  agitate  the 
mixture  from  time  to  time.  The  whole  was  then  squeezed 
throoffh  a  cloth,  and  the  Uquid  passed  through  a  filter.  It  was 
then  left  in  an  open  ^lass  caraf  ftom  July  22  to  Sept.  22.  No 
fusible  quantity  had  diminished,  but  it  had  deposited  a  consi- 
derable quantity  of  crystals  of  gallic  acid.  These  were  separated 
by  squeezing  the  liquid  through  a  cloth.  T^e  Uquid,  when  evapo- 
fated  to  the  consistence  of  a  syrup,  deposited  an  additional 
quantity  of  crystals,  which  were  separated  in  the  same  manner. 
The  residual  matter  of  nutealls  fi-om  which  the  infusion  had  been 

Erocured,  when  moistened  with  water,  and  left  to  spontaneous 
rmentation,  yielded  an  additional  crop  of  crystals  wnen  treated 
with  hot  water ;  so  that  nutgaUs,  when  properly  treated,  yield 
the  fifth  part  of  their  weight  of  gaUic  acid. 

^  these  different  processes,  M.  Braconnot  obtained  62 
erammes  of  gaUic  acid,  stiU  coloured,  and  mixed  with  an  inso- 
uibla  powder.  It  was  boiled  wiUi' three  deciUtres  (18  ciibic 
inches)  of  water,  and  filtered  while  boiling  hot.  The  liquid  on 
cooling  deposited  40  grammes  of  crystals  of  gallic  acid  of  a  yel- 
towisfa-white.cdiour.  The  mother-water  was  brown,  and  when 
properly  evaporated  yielded  10  grammes  more  of  crystallized 
gallio  add,  darker  coloured  than  the  &st  crystals.  To  free  these 
iBiystals  entirely  from  colouring  matter,,  toey  were  mixed  with 
^ig^t  times  their  weiffbt  <rf  water  tad  about  the  fifth  of  their 
weight  of  ivory  Uack,  and.the mixtiire  was  kept  for  about  a 
tauter  of  an  hour  at  the  boSin^  temperature.  It  was  4hen 
pltered  while  hot.  On  cooling,  it  concreted,  into  a  mass  of 
peifeotly  white  crystals  of  galho  «Mid>  mhith  were  separated  from 
the  liquid  by  pressiu'e  in  a  doth. 

,  The  acid  thus  obtained  is  white,  like  snow,  and  quite  pure. 
Its  aqueous  sbhition  is  not  rendered  muddy  by  a  solution  o(  glue. 
Its  taste  is  weaUy  acid,  and  it  leaves  in  the  mouth  an  impression 
of  sweetness.-— (Ann.  de  Chim.  et  Pbys^  ix.  181.) 

13.  Ellagie  Aetd.^^By  thw  very  absurd  name  (the  French 
term  ^alle  reversed),  Braconnot  has  thought  proper  to  distinguish 
an  acid  snbstance  which  he  extracted  from  nutgalls  at  the  sams 
time  with  gallic  acid.  Ghevreul,  in  a  note  published  in  the  Ann. 
de  Chim.  et  Phys.  ix.  329,  infonm  jus  tiban  l^e  had  given  to  tbs 
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world  a  pretty  considerable  number  of  experiments  on  this  sub* 
stance  in  the  article  Tannin,  published  in  the  chemical  part  of 
the  Eneyclopesdie  Methodique,  in  1816 ;  but  that  he  had  neg- 
lected to  give  it  a  name ;  nor  does  he  seem  to,  have  been  aivare  that 
it  Was  entitled,  to  be  considered  as  a  peculiar  acid.  This  ac^d 
was  obtained  by  taking  the  powder  separated  by  filtering  the 
lolution  of  gallic  acid  obtained  from  the  crystals  that  had  formed 
spontaneously  in  the  infusion  of  nut^alls.  To  free  it  from  gallata 
of  lime,  &c.  with  which  it  was  mixed,  it  was  treated  with  a 
dilute  solution  of  potash,  which  dissolyed  the  acid  with  the 
evolution  of  a  considerable  quantity  of  heat,  the  solution  had  an 
intense  yellow  colour,  and  gradually  let  ftJl  a  pretty  copious 

Juantity  of  pearl-coloured  powder,  which  was  separated  by  the 
Ite",  and  oecomposed  bjr  dilute  muriatic  acid.    The  ell'gic 
acid  dius  obtamed  is  a  white  powder,  with  a  slight  shade  of  buff. 
It  is  insipid,  and  is  not  sensibly  soluble  in  water  even  when  boi^ 
ing  hot.     It  does  not  decompose  the  alkaline  carbonates  even 
when  assisted  by  heat ;   but  it  unites  with  caustic  soda,  and 
potash,  and  destroys  their  alkaline  properties.    These  salts  are 
msoluble  in  water,  but  they  become  soluble  if  a  little  potash  or 
-fioda  be  previously  dissolved  in  that  hquid.    The  sohitionis  very 
dark  bun  coloured.    The  ellagate  of  ammonia  is  likewise  inso- 
luble, and  does  not  become  soluble  even  when  an  excess  of 
snunonia  is  added.    It  separates  the  lime  when  agitated  in  lime- 
water.     Nitric  acid  does  not  seem  to  act  upon  it  at  first,  but  it 
gradually  gives  that  acid  a  red  colour  similar  to  that  of  blood. 
If  the  action  be  continued,  a  good  deal  of  oxalic  acid  is  formed. 
It  does  not  combine  with  iodine.    When  heated,  it  does  not 
melt,  but  bums  away  with  a  sort  of  scintillation  without  emitting 
flame.    When  distilled,  it  leaves  charcoal,  and  produces  a  yellow 
vapour,  which  condenses  into  tmnsparent  cryst^s,  of  a  fine 
^eenish-yellow  colour.  This  subKmate  is  tasteless,  and  insoluble 
m  water,  alcohol,  and  ether ;  but  it  dissolves  readdy  in  a  solution 
of  potash,  and  communicates  a  yellow  colour.    In  short,  the 
yellow  cratals  possess  nearly  the  characters  of  the  ellagic  aCid 
Itself.— (Ann.  de  Chim.  ct  Phys.  ix.  187.) 

14.  Lampic  Acid.^^T!h\»  is  the  name  by  which  Mr.  Daniell 
has  thought  proper  to^  distinguish  a  peculiar  acid  substance 
which  Sir  Humphry  Davy  recognized  as  formed  when  ether  is 
decomposed  by  the  continued  action  of  a  red-hot  platinum  wire. 
This  acid  was  examined  by  Mr.  Faraday,  but  upon  too  small  a 
scale  to  admit  of  accurate  conclusions.  Mr.  Daniell  succeeded 
in  obtaining  it  in  considerable  quantities  by  means  of  the  well- 
known  lamp  wil3iout  flame,  or  the  spirit  lamp,  which  keeps  a 
eoil  of  platinum  wire  red-hot  by  the  slow  combiistiOQ  of  alcohol 
or  ether.  He  put  this  lamp  in  the  head  of  an  alembic,  to  which 
a  receiver  was  adapted,  and  by  keeping  the  slow  combustion 
2oin^  for  a  considerafate  time  (he  mentions  having  continued  it 
for  SIX  weeks  at  one  time),  he^llected  considenble  c(uw&^<^  oi 
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"tie  acid  Uqnor  formed.  The  acid,  he  thinks,  was  the  saiae 
whether  ohtained  from  ether,  alcohol,  or  oil  of  tuq)eiititie.  He 
ooUected  ahout  a  pipt  and  a  half  of  h(]uid  from  the  combastton 
of  ether.  It  was  a  colooriess  liquid,  oT  an  intensely  sour  tuste, 
and  pungent  odour,  irritating  the  lungs,  and  producing  ejects 
nmilar  to  chlorine.  Its  specific  gravity  varied  from  1*000  to 
1*O08.  When  evaporated  carefully,  it  f^owa  a  quantity  of  alco. 
hbl  to' escape,  and  the  apecidc  gravity  beconieB  I'UlS.  It  reddens 
T^etable  oluea,  and  decomposes  all  the  earthy  and  alkaline 
caiDOQates.  He  {buod  the  compositiOD  of  lampate  of  soda  and 
lamp^  of  batyt«B  as  follows  : 

Lampate  of  soda. 

Acid..., 62-1   6-654 

Sodi.. ....,,....  37-9   4'OOa 

Lainpate  pf  barytes. 

Acid 40-2  fr556 

Barytes 59-8  9-760 

These  two  analyses  correspond  well,  and  indicate  6*555  as  the 
eqoivaleat  nnoiber  for  lampic  acid,  AH  the  lampates  are  deli- 
quescent salts.  Lampate  of  ammonia  is  very  volatile,  and 
evaporates  at  a  heat  below  that  of  boiling  wacer.  When  burnt, 
it  emits  a  disagreeable  smell,  like  that  ofouming  animal  matter, 
Gold,  platinum,  and  silver,  are  reduced  to  the  metallip  state  by 
this  acid.  1  thmk  it  not  unlikely  that  the  effect  is  owingto  the 
alcohol  with  which  the  acid  is  obviously  mixed.  Mr.  JDaniell 
inalyzed  it  by  the  method  Invented  by  Gay-Lussac  and  Thenard, 
The  ooastituente  which  he  obtain«d  wan : 

Carbon. '.;;..;.  40-7 

Hydrogen.  ,  .^  ..■.'■..,.;...,.'  7*7 
Water,, ,..,,,. 61-6 

Hence  be  infers  the  conBtJt»eiita  to  W:  ■ " 

latomcarbonl =  0-75 

a  atoms  hydwaesb  «f,h.^_.,*»  0-26 
I  atom  oxygen =  I'OO 

It  is  sufficiently  obvious  !th'iitiEti}y  inil^Is'  caittiM  be  recon- 
(Uled  to  the  number  C'j65,  whibh  wasTound  tobethat  oflampic 
acid  from  the  salts  examined.  Neither  iij  (3-555  a  multiple  of 
2-00.  Of  cohsequeiice  the  constitution  nitist  be  different  from 
what  has  been  deduced  by  ilr.  Danietl  from  his  experiments. 
Peroxide  of  copper  would  fmnish  amuch  easier  iind  more  accurate 
mode  of  analysis.  It  is  surprising  that  M r.  Daiiiell  did  not  have 
recourse  to  it. — (Institution  Journal,  vi.  318.) 
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15.  Puromucic  Acid, — ^This  acid  was  obtained  by  IVL  Houtoa 
Lafaillarmere  by  distilling  saclactic  or  mueic  acid.  The  matter 
that  comes  over  is  to  be  mixed  with  four  times  its  weight  of 
water,  and  then  evaporated  to  the  requisite  degree ;  the  new 
acid  is  deposited  in  crystals,  and  new  crystals  maybe  obtained 
by  concentrating  the  mother-Uquor  still  fiirther.  When  put  into 
a  retort,  and  heated  to  die  temperature  of  266^,  they  melt,  sind 
sublime  in  the  form  of  yeOow  crystals,  which,  on  being  redissolved 
in  water  and  crystallized,  become  perfectly  white  and  pure. 

Pyromucic  acid  is  white,  has  an  acid  taste,  but  is  destitute  of 
smeU.  When  heated  to  266^,  it  melts,  and  sublimes,  and  con- 
denses into  a  liquid  which  becomes  solid  on  cooling.  It  does 
not  deliquesce.  It  reddens  vegetable  blues ;  is  more  soluble  in 
hot  than  cold  water ;  it  is  more  soluble  in  alcohol  than  water ;  it 
neutralizes  the  salifiable  bases,  and  forms  salts,  most  of  which 
crystallize.    Pyromucate  of  barytes  is  composed  of 

Acid 57-7   :....  13-331 

Baiytes, 422   9-760 

When  analyzed,  by  means  of  peroxide  of  copper,  its  constiv. 
tuents  were  round  to  be  c 

Carbon 62-118 

Oxygen , , . .  46-806 

Hy(m>gen ^ « 2-111 

100-036 

-  •  ■  ^ 

The  number  of  atoms  coming  nearest  to  these  proportions,  and 
to  tlie  weight  of  the  equivalent  number  for  the  acid,  as  indicated 
by  the  composition  ofpyromucate  of  barytes,  is  as  follows : 

9  atoms  carbon.  •  • . .  «  6*75   ......  50*94 

6  atoms  oxygen  •  • . .  s=  6*00   45-28 

4  atoms  hydrogen,. ,  =  0-50   -  3-78 

13*25       V     100*00 
(See  Ann.  ds  Chim.  et  de  Phys.  ix.  365.) — 

16.  Rheumic  und  Zumic  Acids. — The  existence  of  these  two 
acids  as  peculiar  bodies  has  been  destroyed.  M.  Lassaigne  has 
shown  that  the  acid  in.  the  juice  of  the  rheum  ponticum  is  aothing 
else  than  oxalic  SLcid.r-iAtinaU  of  Philosophy,  xiii.  71.) 

Vpgel  has  shown  that  the  zumic  si^id  possesses  the  characters 
of  the  lactic  acid.  If  this  statement  be  correct,  the  lactic  acid 
i^  jEt  prodi^ct  pf  the  vegetable  kingdom,  or  at  least  formed 
by  the  fermentation  pf  vegetable  bodies  (Ibid.  xii.  391). 
It  i^  ci^nous  that  this  a^ijd,  to  which  Bracomiot  had  given  the 
name  of  nanceic  acid,  wfts  called  zumic.yicid  both  iiit\i\^co\sjvXT'j 
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and  in  Germfiny,  about  the  lame  time,  without  any  concert  what- 
evQF  between  those  who  imposed  that  name. 

The  preceding  sketch  contains  the  discovery  of  no  fewer  thaa 
seven  new  acids  ^  namely  r 

1.  Hydrosulphurous  acid.  5.  Ellagic  acid. 

2.  Uranic  acid.  6.  Lampic  acid. 

3.  Mang^esic  acid,  7.  Pyrbmucic  acid. 

4.  Puipuric  acid. 

Three  acids,  hitherto  considered  as  peculiar,  have  bieen  shown 
to  be  the  same  with  three  others  whicn  have  been  lone  known^ ' 
(1.)  MaUc  and  sorbic  acids  have  been  shown  to  be  £e  same, 
(2.)  Rheumic  acid  is  merely  oxahc  acid. 
(3«)  Zmnic  acid  is  the  same  with  lactic  acid. 

VI.    ALKALIES. 

This  department  of  the  science  promises  fair  to  be  enriched 
hkewise  with  a  variety  of  new  vegetable  bases  possessing  the 
characters  of  an  alkali.  Sertiimer's  paper  on  morphia  has  drawn 
the  attention  of  chemists  to  this  subject,  and  the  disaovery  of 
several  new  substances  possessing  similar  properties  has  already 
rewarded  their  exertions, 

1.  The  discovery  of  lithina  by  M,  Arvedson  was  announced  in 
the  Historical  Sketch  for  last  year,  and  the  properties  of  that  new 
mineral  alkali,  as  far  as  they  had  become  known,  were  given, 
I  had  not  at  that  time  made  any  experiments  on  the  analysis  of 

J^etalite  or  sf>odumene,  the  two  minerals  in  which  it  had  been 
bund;  but  it  may,  perhaps,  be  worth  while  to  mention  the 
methods  of  analysis  which  I  have  found  successful.  If  petalite 
reduced  to  a  fine  powder  be  fused  with  nitrate  or  carbonate  of 
barytes,  it  becomes  soluble  in  muriatic  acid.  The  earths  may  be 
separated  in  the  usual  manner  by  means  of  sulphuric  acid  and 
carbonate  of  ammonia,  and  the  sulphate  of  lithina  obtained  is 
readily  decomposed  by  carbonate  ot  barytes. .  By  this  method, 
which  appears  sufficiently  simple,  the  Utmna  may  be  obtained  in 
a  state  oi  purity.  ....:. 

I  do  nok.  know  the  metbodl  which  M«. Arvedson  employed  to 
obtain  this  alkali,  as  I  have  not  yet  seen  his  paper  upon  the  sub- 
ject. It  is  stated  in  the  InstitutioiL  Journal,  vi.  226,  that  petelite 
may  be  analyzed  in  the  usual  way  by  means  of  potash.  Tlie 
muriate,  of  lithina  may  be  easily  sepaiated. from  the  muriate  of 
potash  by  means  of  alcohol,  in  which  it  is  very  sohiUe,  I  have 
not  tried  this  method.  .^Te^-su^cfoeed  by  it,  I  suppose  the  alcohol 
must  be  strong;  for  muriate  oT^^tash  is.  sensibly  soluble  in 
alpphol  of  the  strength  at  which  it  is  usually  sold  in  the  shops. 
2«  jlfoi]»Ata.-«*^Choulant's  method  of  obtaining  this  substance, 
of  which  an  account  has  been  given  in  the  Annals  of  Philosophy^ 
xiii.  153,  seems  better  than  aily  of  the  processes  employed  either 
by  Sertiimer  or  Robiqnet,       • 
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Four  oimces  of  pounded  opium  were  digested  in  sncceBsive 
quantitieB  of  cold  water  till  that  Hqnid  amounted  to  16  pints. 
This  infusion  was  evaporated  on  a  sand-bath  till  it  was  reouced 
to  eight  ounces.  The  Ume  and  the  sulphuric  acid  which  it  con- 
tain^ in  the  state  of  sulphate  of  lime  were  thenprecipitated  by 
oxalate  of  ammonia  and  muriate  of  barytes.  The  innision  was 
now  diluted  with  eight  pints  of  water,  and  precipitated  b}r  caustic 
ammonia.  Upon  the  precipitate,  an  ounce  of  sidphuric  ether 
was  poured,  and  the  whole  was  put  upon  a  filter.  A  deep  black 
Uquid  ran  through  by  degrees,  which  weighed  half  an  ounce* 
The  morphia  remaining  on  the  filter  was  then  digested  three 
times  in  caustic  ammonia,  and  as  oAon  in  alcohol.  Both  of 
these  Uquids  acquired  a  dark-brown  colour.  The  morphia  thus 
purified  was. dissolved  in  12  ounces  of  boiling  alcohol,  and  the 
filtered  solution  was  set  aside.  It  deposited  transparent  crystab 
of  pure  morphia,  weighing  76  gr. 

Morphia  thus  prepared  is  ^ite  and  transparent*  It  crystal- 
lizes in  octahedrons  composed  of  two  four-sided  pyramids  wilji 
square  bases.  It  dissolves  in  82  times  its  weight  of  boiling 
watec,  and  the  solution  crystallizes  on  coobng.  It  dissolves  in 
36  times  its  wei^t  of  boiUng,  and  in  42  times  its  weight  of  cold 
alcohol.  It  dissolves  in  eight  times  its  weiffht  of  sulphuric  ether. 
All  these  solutions  change  the  infusion  of  lirazil-wood  to  violet, 
and  the  tincture  of  rhubarb  to  brown.  They  have  a  bitter  and 
peculiar  astringent  taste,  and  the  alcoholic  and  ethereal  solutions 
when  rubbed  upon  the  skin  leave  a  red  mark.  The  equivalent 
number  for  the  wei^t  of  this  substance,  from  a  mean  of  Choii- 
lanfs  analyses,  seems  to  approach  8*26. 

3.  Picroioxine^-^Tlm  substance  was  detected  by  M.  Boutlay 
some  time  ago  in  the  cocculus  indicus,  and  I  have  given  an 
account  of  its  properties  in  the  last  edition  of  my  System  of 
Chemistiy^  iv.  66.  Boullay  has  since  shown  that  it  is  capable 
of  neutrauztng  adds;  of  oourse  it  is  entitled  to  be  placed  amcmg 
the  TSgetable  alkalies.  It  may  be  precipitated  from  the  infusion 
of  the  cocculus  indicus  by  caustic  ammonia.  If  the  precipitate 
be  washed,  and  then  dissolved  in  alcohol,  it  may  be  obtained  by 
spontaneous  evaporation  int  White  silky  needles.---(See  Annals  qf 

4.  VauqueHne. — This  is  a  ilame  riven  by  MM.  Pelletier  and 
Caventon  to  a  new  vegetable  alkalt  which  they  have  extracted 
from  the  nuz  vomica,  and  from  St.  Ignatius's  bean.  Its  proper- 
ties are  said  to  be  as  follows : 

It  is  shghdy  soluble  in  water,  very  sdnble  in  alcohol,  gives  a 
blue  colour  to  litmus  paper  reddened  by  acids,  does  not  redden 
tnrmieric,  combines  with  acids,  and  neutralizes  them,  and  forms 
with  them  crystaUizable  salts. — {Annab  of  Philonophyy  iui.314.) 

Vn.   ANALYTICAL  IMPROVEMENTS. 

I.  Separation  of  lAme  and  Magnesia. — Many  attemi^  \i«N^ 

.o 
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been  made  by  chemists  to  discover  a  perfectly  collect  method  of 
separating:  ih^se  two  earths  ^h^u  they  happen  to  Qccur  togethery 
B&  is  the  case 'in  mago^siaQ  Umostone,  &c..  I  have  mentioned 
some  of  these  methods  in  the  Annuls  of  Pfiilosophyy  xii.  393. 
It  was  supposed  that  a  solution  of  bdcarbonate  of  potash  poured 
into  a  muriatic. or  nitric  solution  of  the  two  earths  would  precipi- 
tate the  lime  and  leave  the  magn&iia  in  solution,  ibuchok 
demonstrated  that  this  method  is  inacourate,  a  portion  of  the 
lime  being  retained  in  solution,  )vhile  a  portion  of  the  magnesia  is 
precipitated.  '      .  .     ' 

The  method  propod^  by  Bobereiner  is  nearly  similar  to  that 
practised  long  ago  by  ^^atk.queUn,  and  occasionally  practised  by 
others.  .  It  consists  inr-pounng  carbonate  of  ammonia  into  the 
solution  of  these  two  earths  ;  the  carbonate  of  Ume  he  assures 
us  will  be  precipitated,  while  tibe  magnesia  forms  a  triple  salt, 
and  will  be  retained  in  soliition.  This  method  has  been  showa 
by  Pfaffto  be  inaccurate,  A  part  of  the  magnesia  is  always 
precipitated  along  with  the  lime, 

Pfaff  considers  the  best  method  of  separating  the  two  earths 
to  be  to  neutralize  the  solution,  and  then  to  precipitate  the  lime 
by  oxalate  of  ammonia,  Mr,  PhiUips  informs  us,  however,  that 
the  lime  is  never  precipitated  by  this  reagent  till  enoi^h  of  tha 
oxalate  has  been  added  to  form  a  triple  ^t  with  the  magnesia* 
In  employing  this  method  to  separate  the  Uqae  from  sea-water^ 
which  1  have  frequently  done,  I  have  often  been  surprised  at  the 
slowness  with  which  me  lime  was  precipitated  in  such  cases ) 
but  I  have  uever  examined  whether  the  whole  lime  was  precipi^ 
tated.  Indeed  from  the  weight  of  the  precipitate  thus  obtained, 
I  think  there  is  reason  to  suspect  that  a  portion  of  the  magnesia 
is  precipitated  as  well  as  of  toe  lime.  . 

1  mentioned  in  the  number  of  the  Annals  of  Philosophy  above, 
quoted  the  method  which  I  had  been  in  the  habit  of  employing 
to- separate  these  two  earths  from  e^ch  other..  I  dissolve  the. 
t^p  in  muriatic  or  nitric  acid>  and  add  to  the  solution  a  sufficient 
quantity  of  sulphuric  acid  to  decompoise  the  muriates  or  nitrates:, 
formed.  This  mixture  is  now  evaporated  to  dryness^  and  exposed 
to  a  heat  sufficiently  high  1p  drive,  c^  the  excess  of  sulphuric, 
acid,  if  any.  be  present.  The  dry  m.ass  is  now  digested  in  wiutec 
'to  dissolve  the  sulphate  of  magnesia,  and  the  water  iS; mixed  with 
a  httle  alcohol  to  diminish  the  solubijiity  of  the  sulphate  of  Ume. 
By  this  method  I  have  often  obtwi^d  results  which  did  not 
deviate  materially  from  the  truth,  ■ 

Mr.  PhiUips  has  suggested  a  modification  of  this,  process, 
which..  I  have  not  hitherto  tried ;  but  whicjh  promises  to,  be  an 
improvement.  He  dissolves  the  mixture  of  the  two  earths  ia 
muriatip  or  nitric  acid  ;  but  instead  of  adding  sulphuric  acid,  he 
adds  sulphate  of  ammonia  in  sufficient  quantity  to  convert  the 
muriates  or  nitrates  into  sulphates^  The/sulphates  thus  formed 
are  weighed.    Th^  mass  is  then  digested  in  a  saturated  bo)u^ 
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tfon  of  sulphate  of  lime  till  all  the  sulphate  of  magnesia  be 
dissolyed.  The  sulphate  of  Hme  feniaining  is  dried  and  weighed. 
Its  weight  subtracted  from  that  of  the  -ormnal  wei^t  of  the 
sulphates  gives  the  sulphate  of  magnesia.  The  only  part  of  this 
formula  that  requires  Terification,  is  that  part  of  it  in  which  it 
is  supposed  that  when  water  saturated  wiui  sulphate  of  lime  is 
digested  in  a  mixture  of  sulphate  of  magnesia  and  sulphate  of 
hme,  it  is  incapable  of  dissolving  any  additional  portion  of 
sulphate  of  hine.  Many  salts  have  the  property  of  increasing 
the  solubility  of  others  in  water.  It  would  be  necessary,  there-* 
fore,  before  giving  full  credit  t6  Mr.  PhiUpa'  ingenious  modifioa* 
tion  of  myformula,  to  ascertain  that  sulphate  of  magnesia  doea 
not  possesa  the  property  of  increasing  the  solubiUty  of  sulphate 
of  lime  in  water.— (institution  JoumaT,  vi.  813.) 

2.  Separation  of  Iran  from  MajBganete,— Tim  is  another 
analytical  processy  scarcely  less  diiroult  than  the  preceding. 
Many  methods  have  been  ^ven,  most  of  which  I  nave  tried 
without  being  fully  satisfied  with  any  of  them.  Gehlen's  method 
of  throwing  down  iron  when  in  the  state  of  peroxide,  by  means 
of  succinate  of  ^ammonia,  answers  very  well ;  out  it  is  too  expeii* 
sive  for  common  use,  especially  when  the  quantity  of  iron  is 
considerable.  Hisiniger^s  substitution  of  benzoate  of  ammonia 
OT  of  potash,  is  probably  a  great  improvement ;  bat  I  have  not 
examined  this  method  with  sufiicient  care  to  enable  me  to  form 
an  opinion.  Mr.  Hatchett's  method  of  throwing  down  the  iron 
from  manganese  by  ammonia,  when  both  are  held  in  solution  by 
muriatic  acid,  answers  very  well  for  procuring  manganese  free 
from  iron ;  but  it  is  not  so  easy  by  means  of  it  to  determine 
exactly  the  proportions  of  manganese  and  iron  in  the  solution ; 
and  in  cases  of  complicated  mineralogical  analyses,  this  method 
cannot  be  put  in  practice  at  all. 

Mr.  Faraday  has  suggested  two  methods  of  separating  these 
two  metals  from  each  ouer ;  neither  of  which  I  have  vet  tri^ ; 
but  they  promise  to  furnish  us  with  more  precise  analytical  re- 
sults tfatan  any  which  have  been  yet  proposed.  The  first  of  hia 
metbods  is  this :     - 

^  To  a  mixed  solution  of  iron  and  manganese,  add  solution 
of  mrijphate  cor  muriate  of  ammonia ;  then  pour  in  pure  potash ; 
the  iron  will  be  precipitated,  but  the  manganese  will  remain  in 
sdiition  in  the  state  of  a  triple  salt/' 

Another  method  suggested  by  him  is  this : 

Let  the  iron  in  solution  be  brohght  to  the  state  of  a  peroxide ; 
throw  down  .the  oxides  of  iron  and  manganese  together,  wash 
them  by  decantation,  and  digest  them  m  a  solution  of  sal-am* 
moniac  with  a  tittle  sugar;  the  manganese  will  be  dissolved  in 
what  state  soever  of  oxidation  it  is,  out  the  iron  will  remain. — 
(Institution  Journal^  vi.  367.) 

It  seems  unnecessary  to  allude  to  Grotthuss'  method  of  sepa- 
lating  these  two  metals  by  tneans  of  sul{^o-chyaiic  aciOi  ^AauaU 
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of  Philosophy,  xiii.  50) ;  as  he  acknowledges  that  it'  is  an  ini* 
perfect  process. 


VIII.    SALTS. 


The  salts  constitute,  by  far,  the  richest  dejpartment  of  che* 
mistry ;  many  of  them  still  remain  to  be  exanuned.  It  is  there* 
fore  in  the  power  of  every  industrious  chemist  to  add  new  faeis 
to  the  science,  almost  at'pleasure,  by  examining  this  easy,  tliough 
somewhat  neglected,  tiepartment  of  chemistry.  The  additions 
made  to  this  province  of  the  science  during  the  last  year  have 
not  been  very  numerous ;  though  some  of  them  are  of  consider- 
able importance. 

1.  Saltpetre. — The  process  followed  in  France  for  purifying 
saltpetre,  at  least  in  the  manufactories  carried  on  by  govern- 
ment, is  the  following :  The  salt,  such  as  it  is  procured  from 
the  saltpetre-makers,  is  dissolved  in  the  fifth  part  of  its  weight 
of  water.  The  common  salt,  which  exists  in  too  great  quantity 
in  it  to  be  dissolved,  is  removed  from  the  bottom  of  the  vessel, 
and  the  scum  which  collects  on  the  surface  is  skimmed  o£P. 
The  liquid  is  clarified  by  a  solution  of  glue,  and  then  poured, 
while  boiling  hot,  into  a  large  copper  bason,  where  it  is  con- 
tinually agitated  till  it  becomes  cold.  By  this  means  it  is  sepa- 
rated in  very  small  crystals.  These  crysl^s  are  put  into  wooden 
boxes,  and  sprinkled  with  water  till  that  Uquid  passes  off  pure. 
The  object  in  view,  in  agitating  the  liquid  during  the  crystalli- 
zation, is  to  make  tiie  size  of  the  crystals  as  small  as  possible,  in 
order  to  enable  the  subsequent  process  of  washing  to  carry  off 
the  whole  of  the  mother  liquof  attached  to  the  crystals,  in  which 
alone  the  foreign  salts,  constituting  the  impurities,  exist.  Salt- 
petre, purified  by  this  process,  contains  about  ^^^V?  P^^  ^^  ^^ 
weight  of  common  salt. — (See  Longchamp,  Ann.  de  Chim.  et 
Phys.  ix.  200.) 

2.  Carbonate  of  Po^o^A.-— Chemists  are  aware  that  one  of  the 
easiest  methods  of  obtaining  this  salt  in  a  state  of  purity^  is  to 
bum  a  mixture  of  nitre  and  cream  of  tartar.  M.  Quibourt  has 
shown  that  the  best  proportions  are  two  parts  of  bitartrate  of 
potash  and  one  part  of  saltpetre ;  and  that  the  mixture  should 
ee  thrown  into  a  crucible,  heated  rather  below  redness.  If  the 
otiicible  be  at  a  strong  red  heat,  there  is  always  formed  a  coi^ 
siderable  portion  of  cyadide  of  potassium,  and  it  is  difficult  to 
get  rid  of  the  hydrocyanic  acid,  which  is  formed  when  the  sub^ 
tftanoe  is  dissolved  in  water.  To  avoid  the  formation  of  this 
substance,  it  is  better  to  expose  the  mixture  of  salts  only  to  a 
heat  bellow  redness. — (Jour,  de  Pharmacie,  1819^  p;  69.)  ■ 
'  3;  Ferro^hyaxate  of  Potash, — This  is  the  rsalt  usually  called 
triple  prussiate  of  potash.  It  has  a  &ie  yellow  colour  and  cry»* 
tallizes  in  square  tables,  with  bevelled  edges ;  it  is  transparont, 
and  when  seen  by  transmitted  Ught  is  grees,  by  reflected  light 
topaz  yellow;  its  specific  gravity  is  1*833^    ItS' taste  -ia.  salme 
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and  coolinff,  and  by  no  means  disagreeable.  It  may  be  easily 
•split  into  platesy  ana  is  not  brittle,  like  most  other  salts,  but  pos- 
sesses a  certain  quantity  of  softness  and  pliability,  when 
heated  it  gives  out  moisture,  and  assumes  a  white  colour.  In 
a  red  heat  it  becomes  black  and  alkaline,  but  its  acid  is  not  com- 
pletely dissipated  nor  decomposed.  The  solubiUty  of  this  salt  in 
water  is  as  follows : 

At  54"",  100  parts  of  dissolve  27-8  of  the  salt. 

100 C6-8 

150 87-8 

200 90-6 

It  is  insoluble  in  alcohol  and  ether.  It  is  decomposed  by 
sulphuric  and  nitric  acid ;  the  acid  being  driven  off  ana  destroy- 
ed. Mr.  Porrett  considers  this  salt,  in  its  crystallized  state,  as 
composed  of 

1  atom  ferro-chyazic  acid .  • . .  8-5  • .  • .  50*75 

1  atom  potash 60  ....  35*22 

2  atoms  water 2*25 ....  13*43 

16*75        100*00 

While  the  constituents  of  ferro-chyazic  acid,  according  to  him, 
are  as  follows : 

4  atoms  carbon ........  ss  3*00 

1  atom  azote =  1*75 

2  atoms  hydrogen =  0*25 

1  atom  iron s=  3*50 

frio 

But  these  determinations  must  be  viewed  rather  as  ingenious 
conjectures,  than  as  the  actual  result  of  experimental  analysis. 

4.  Borax.— This  salt  usually  comes  to  Europe  in  a  crude 
state.  It  is  afterwards  puriAed  in  Europe,  and  for  many  years 
the  process  was  practised  exclusively  by  the  Dutch.  I  take  it 
for  granted  that  the  salt  is  now  refined  in  Great  Britain ;  though 
I  have  no  personal  knowledge  of  any  such  manufactory,  and 
should  esteem  it  a  favour  if  any  of  my  readers,  who  happen  to 
be  acquainted  with  the  fact,  would  give  us  some  information  on 
the  subject.  MM.  Robiquet  and  Marchand  have  published 
the  following  formula  for  refining  this  salt,  which  they  assure  us 
will  answer  perfectly. 

The  crude  borax  is  to  be  put  into  a  vessel  and  covered  with 
eight  or  ten  centimetres  of  water ;  it  is  to  be  allowed  to  mace- 
rate for  some  tune>  agitating  occasionally.  After  five  or  six 
hours,  about  ^^th  part  of  slacked  lime  is  to  be  added,  then 
the  whole  is  to  be  agitated  and  left  till  next  day.  The  borax  is 
now  separated  by  means  of  a  cloth,  aud  the  crystals  ^ce  V>  V^^ 
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rubbed  and  carefully  wiped.  This  washing  is  to  be  repeated 
till  the  water  comes  off  quite  clean.  The  borax,  thus  prepared 
and  dry,  is  to  be  dissolved  in  two  and  a  half  times  its  weight  of 
water,  adding  a  kilogramme  'of  muriate  of  Ume  for  every  hun- 
dred weight  of  borax.  The  liquid  is  now  to  be  filtered  throng 
a  cloth,  and  evaporated  to  the  requisite  degree  of  concentration. 
It  is  then  to  be  put  into  conical  vessels,  made  of  lead  or  white 
wood,  and  cooled  as  slowly  as  possible ;  for  the  transparency 
and  regularity  of  the  crystals  depend  upon  the  slowness  of  the 
cooling. — (Ann.  de  Chim.  ct  Phys.  viii.  359.) 

We  are  indebted  to  M.  Vogel  for  some  observations  on  the 
action  of  borax  and  boracic  acid  on  bitartate  of  potash.  If 
jthree  parts  of  the  bitartrate  and  one  part  of  borax  be!  boiled  for 
some  minutes  with  a  sufficient  quantity  of  water,  a  portion  of 
^tartrate  of  lime  subsides*.  By  evapors^ng  the  liquid,  what  is 
called  soluble  cream  of  tartar  is  obtained.  It  dissolves  in  ks 
own  weight  of  water  at  54^^,  and  in  half  its  weight  of  boHing 
water,  aulphuric,  nitric,  and  muriatic  acids  decompose  it  but 
imperfectly*  A  similar  compound  is  obtained  by  employing 
boracic  acid  instead  of  borax.  Bitaitrate  of  soda  may  oe  em- 
ployed instead  of  bitartrate  of  potash ;  but  the  nature  of  these 
singular  compounds  is  still  very  imperfectly  understood.— (See ' 
Asmah  of  Philosophy  f  xii.  113.) 

5.  Carbonate  and  Hydrate  of  Ume.-^I  have  no  very  exact 
idea  respecting  the  conqpound  of  carbonate  and  hydrate  of  lime, 
which  Tneodor  von  Ghrotthuss  informs  us  is  made  by  passing  a 
strong  current  of  carbonic  acid  gas  through  lime  water.  It  is 
unnecessary  to  repeat  the  phenomena  described  by  him  here; 
the  reader  will  find  a  translation-  of  the  account  given  by  Grot- 
thuss  in  the  Annals  of'  Philosophy ^  xiii.  51. 

6.  Chloride  of  Lime. — This  is  die  technical  name  loj  which 
Mr.  Tennant's  bleaching  salt  iuust  be  distinguished  in  chemistry. 
\t  is  a  combination  of  chlorine  and :  lime ;  about  one  atom  of 
chlorine  to  two  atoms  of  lime;  but  one  half  of :the  lime  re- 
mains behind  when  the  powder  is  digested  in:  water ;  when 
heated,  oxygen  is  disengaged,  and  the  substance  is  changed 
into  chloride  'of  calcium.  This,  when  dissoLy^d  in  water,  is 
converted  into  miuiate  of  lime.  The  chlorine  may  be  trans* 
ferred  from  the  lime  to  barytes,  strontian,  and  probably  also 
magnesia,  by  douUe  affinity.  Thus  it  eppcars  th|i^  chlorii^  is 
capable  of  combining  not  only  with  the  metals,  but  like^.^ 
with  llie  oxides  and  salifiable  bases.  In  this  lespect  it  reiiembles 
sulphur  and  phosphorus,  which  possess  the  Kaiue  properties^    ' 

1  may  here  notice  that  the  account  which  \V either  has  giiren 
of  the  formation  of  oxymuriate  of  Ume  in  the  Ann.  de  CSiim.  et 
Phys.  vii.  383,  is  inaccurate  in  several  particulars.  It  is  a  mis- 
take that  chlorine  will  not  combine  with  unslacked  lime,;  bul 
when  such  a  combination  takes  place,  iieat  is  evolved,  and  uik* 
less  the  increase  of  temperature,  be  prevented^  the  continuance^ 
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^f  the  combination  is  stopped.  Indeed,  when  the  heat  gets 
conaiderabiei  the  chlorine  which  has  already  combined  with  the 
.lime,  seems  to  be  again  expelled. 

7»  Persulphate  o/r /roifw—^-The  combinations  of  sulphuric  acid 
and  the  peroxide  of  iron  have  been  till  lately  almost  entirely 
everiookedk  I  was  fortunate  enough  to  ascertain  the  existence 
of  no  fewer  than  four  differ^it  saus  composed  of  peroxide  of 
-troii  and  sulphuric  acid,  namely. 

Acid.  Peroxide. 

1  Persulpate 1  atom  +   1  atom 

2  Tripersulphate  . . .  • . .  3  '         +   1 

3  Quadripersiilphate  ...  4  +.1 

4  Subbipersulpnate  . . . ,  I  +.?... 

.  The  first  of  these  was  a  substanee  which  xvtts  not  susceptible 
'oi  examination,  as  it  was  decomposed  by  being  placed  in  con- 
tact with  water.  The  tripersulphate  is  a  reddish  ^yellow  deli- 
quescent salt,  ha^ng  a  very  astringent  taste,  and  Tery  soluble 
in  water.  It  does  not  seem  capable  of  cryAtnliizing.  ^Fhe  per- 
quadrisvlphaAe  forms  transparent  and  colocrless  crystals,  having 
much  of  the  taste  and  the  shape  of  alum  crystals.  It  was  dis- 
.covered  by  Mr*  Rennie.  I  aftem^'ards  examined  and  analyzed 
it,  but  did  not  succeed  in  obtaining  it  in  crystals.  Mr.  Cooper 
has  since  •ascertained  the  way  bv  which  it  may  be  obtained  in 
xegolar  crystals,  and  has  described  its  properties  considerably 
in  detailf^See  Annab  of  Philosophy,  xiii.  *298.)  He  calls  it  a 
.perbisul^ate ;  but  it  is  obvious,  from  his  analysis,  that  the  con- 
jstituents  of  his  salt  are  the  same  as  those  o^  my  perquadrisul- 
phate.  The  reason  of  this  difierence  in  our  names  is,  that  Mr. 
Cooper  considers  the  weight  of  an  atom  of  peroxide  of  iron  to 
be  a,-  while  I,  to  eet  rid  ^f  the  anomaly  of  the  half  atom, 
represent  its  wei^t  by  10  or  6  x  2.r  I  do  not  see  any  other  wuy 
of  reconcUine  the  oxid[es  of  sodium,  iron,  nickel,  and  cobalt,  with 
the  atomic  theory*    To  give  iron  as  an  example  : 

'An  atom  of  iron  wei^  3'6  : 
Protoxide  is  composed  of  3*5  iron  +  1  oxygen  =  4*5  : 
Pcroiid^'  6f  3-6  lion  +  1'6  oxygen  =  5  :  ' 

Or  3-6  X  2  irori  +  1'6  x  2  oxygen  =  10. 

If  the  weight  of  peroxide  b^  5,  it  ia  composed  of  an  atom  of 
iron,  and  an  atom  and  a  half  of  oxygen.  If  its  weight  be  10, 
it  iii.GonifX>sed.of  2.  atoms  iron.+  3  atoms  xxcygen;  the  con- 
stitutMm  is  the  same ;  but  the  ..anom^y  of  the  half  atom  dig- 
appears.--  ; 

•  8.  Muriates^'^Vxom  the  eiq>erimiQnts  of  Sir  IL  Davy  and  his 
brother,  it  has  been  concluded  thai  when  the  muriates  are  e3&- 
posed  to  a  strong  heat  so  as  .to  drive,  off , the  wholn.of  the  water 
which  they  contain,  they  are  cwverteduo^. metallic  chlorides. 
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Thus  common  salt,  b^  this  treatment,  becomes  chloride  of  so^ 
dium.  Davy,  accordmgly,  states  that  these  chlorides  are  inca- 
pable of  being  decomposed  by  vitreous  phosphoric,  or  boradc 
acid ;  but  that  they  are  readily  deeomposea  by  diese  bodies, 
fmd  muriatic  acid  ras  diseneaj^d,  when  their  action  is  assisted 
by  the  presence  of  water.  This  assertion  has  been  latdy  put 
to  the  test  of  experiment  by  M.  Vogel,  of  Mmiich.  Be  ex- 
posed muriate  of  oarytes  and  pure  phosphoric  acid  to  a  strong 
heat  in  two  separate  platinum  crucibies,  then  mixed  them  to- 
gether, and  exposed  the  mixture  to  a  red  heat  in  a  platinum  tube; 
abundance  of  muriatic  acid  gas  was  disengaffed.  When  mu- 
iciate.  of  tin  and  muriate  of  manganese  were  substituted  for  mu- 
riate of  barytes,  the  result  was  the  same*  Homsilver  likewise 
3fielded  munatic  acid  gas,  but  in  smaller  quantity  than  the  other 
a^ts.  Superphosptiate  of  lime  may  be  substituted  for  phosphdric 
acid  with  the  same  result.  When  boracic  acid  is  heated  m  the 
SAine  way  in  contact  with  the  alkahne  muriates,  mnrialie  tcid 
gas  is  likewise  disengaged. — (Jour,  de  Pharmacie,  1819,  p.  61.) 
These  experiments  are  directly  contran^^dt  only  to  the  expe- 
riments of  Dayy,  but  Ukewise  of  Oay-Lussac  and  Thetiaid, 
the  chemists^  who  first  drew  the  attention  of  chemists  to  ^ttie 
true  nature  of  chlorine^ — (See  Recherchea  Physico-chemiques, 
ii.  103.)  Hence,  before  they  can  be  admitted  as  accuilite, 
they  wiU  be  required  to  be  verified  by  other  experimenteis.  I 
think  it  most  likely  that  the  acids  used  by  Voeel  had  not  been 

Suite  fireed  firom  water.  Whether  it  be  possible  to  drive  off  al 
le  water  from  them  by  heat  is  a  question  of  rather  diffieott 
determination.  As  far  as  phosphoric  acid  is  concerned,  I  should 
be  disposed  to  answer  in  tne  negative. 

To  Vogel  we  are  indebted  hkewise  for  a  set  of  experiments 
to  determine  the  action  of  sulphur  on  the  muriates.  The  resirit 
was,  that  the  following  metalline  muriates  were  decompoiied 
when  heated  with  sulphur: 

Protomuriate  of  tin,. 

Muriate  of  cop||>er, 

Muriate  of  mang^inesei 

Muriate  of  lead,     '  .   , 

Muriate  of  antimony, 

Ptotomuriate  of  men^ury, 

Permuriate  of  mercduy. 

Sulphuroni}  acid  ga«,  and  in  some  casM  sulphuretted  Irrdrogett. 
gas,  were  exhaled,  md  a  metldlic  «!dphuret  formed.  Hence  it 
appears  that  >the  sulphur  deprives  the  metal  of  its  oxygen.  It 
appears  also  in  some  cases  to  decompose  the  muriatic  acid.  The 
mtiriates  of  potash,  soda,  and  baiytes,  are  but  very  slightly  acted 
on  when  treated  in  this  manner.— -(See  Annals  of  rhilosophf, 
xii.393.) '. 
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IX.   YEpETABLE    BODIES* 

*  • 

Thig  department  of  chemiBtry  is  still  in  a  Yerj  imperfect  state, 
thourii  it  is  obviously  adyanoiBg  with  consideraole  rapidity. 
The  nrst  part  of  its  progress  will  midoubtedly  greatly  increase 
the  nunber  of  vegetable  bodies.  Though  it  is  fikely  that  when 
accumte  formulas  are  fixed  for  procuring  each  of  these  bodies  in 
a  state  of  pnrity^  so  as  to  enable  us  to  compare  the  various 
vegetable  principles  with  each  other,  their  number  will  be  con-i 
sidexabty  oiminished,  or  at  least  they  will  come  to  be  arranged 
under  a  small  number  of  genera,  i  shall  proceed  to  state  the 
most  important  &cts  in  the  chemistry  of  vegetables  which  have 
been  ascertained  during  the  last  year. 

1.  Sojgar.— -Mr.  Daniell  has  published  some  valuable  ezperi* 
ments  and  observations  on  sugar.  (See  Institution  Journal^ 
vi.  32.)  He  found  that  if  Kirchhoff's  process  for  converting 
starch  into  sugar  was  stopped  before  the  saccharine  diange  vras 
completed,  that  the  starcn  acquired  theproperties  of  gimi.  This 
was  observed-  long  ago  by  Kirchhoff  himself^  and  was,  indeed, 
the  circumstance  that  led  that  chemist  to  the  discovery  of  starch 
sugar.  The  object  which  he  had  in  view  was  to  convert  starch 
into  gum.  On  trying  the  action  of  sulphuric  acid  he  sncoeeded 
in  part ;  but  the  gum  formed  did  not  possess  all  the  requisite 
Ijualities.  Hopes  were  entertained  that  by  ^rolongio^  the  boil* 
injg^  these  qualities  would  be  developed.  Ihe  ezpenment  was 
trwid,  bat  the  starch  was  found  to  be  converted  into  sugar  in* 
stead  of  gimu 

Mr.  Daniell  has  found  that,  the  supposed  gum  into  which 
•ugar  was  converted  by  Mr.  Cruikshanks,  by  treating  it  with 
phosphuret  of  Ume,  is  nothing  else  than  a  compound  of  lime 
and  sugar.  Sugar  and  lime  may  be  easily  united  by  boiling 
them  together  in  a  sufficient  ouaiitity  of  water.  It  would  ap* 
pear  from  the  experiments  of  Mr.  Daniell,  that  when  this  com- 
pound is  kept  for  a  considerable  time,  the  sugar  is  altered  in  its 
nature,  and  converted  into  gum.  Lime  is  employed  in  the 
West  Indies  by  the  sugar  boilers,  and  there  is  reason  to  believe 
that  it  is  often  employed  in  eaccesB.  Hence  raw  sugar  always 
contains  a  pcniion  of  it.  Now  it  has  the  property  of  converting 
strong  sugar  into  weak  sugar :  that  is  to'  say,  of  changing  sugar 
bom,  a  crystallized  compound,  consisting  of  grains  easily  sepa- 
rating from  each  other  Uke  sand,  of  a  grey  colour  and  trans- 
parei^  int0  a  clammy  yellow  sugar  havmg  the  feel  of  flour. 
The  use.  of  lime  in  sugar  refining,  Mr.  Daniell  thinks,  is  to  re^n* 
dsr  the  cdouring matter. more  soluble,  and  of. course  more  easily 
removed  by  water. :      : '  i 

2.  Manna. — Bouillon  Lagrange  informs  us  that  manna  con- 
sists of  two  distinct  substances,  one  soluble,  in  cold  alcohol, 
another  insoluble  in  cold,  ^ut  soluble  in  hot  alcohol.    The  first 
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nubstance  he  coasiders  as  very  analogous  to  suga  ;  the  second 
as  peculiar.  (Annah  of  PlaloBophyf  xii.  133.)  If  these  con- 
clusions were  accurate,  Vatt({iidia's  results^  that  manna  is  mea- 
psJble  of  undergoing  the  vinous  fenBAentaftion,  could  not  be 
tme. 

3.  Statch.r^'The  blue  colour  produoed  m>on  tttarch  by^  the 
action  of  iodine  is  now  weB  known,  and  tua  re-4i^gent  is  ac- 
cordingly frequently  employed  to  detect  the  presence  of  atatch 
in  vegetable  bodies.  M.  Vincent  has  disooTered  that  pnxasian 
blue  IS  not  without  its  action  on  starch.  If  four  parts  m  sterch 
and  one  of  prussian  blue  be  triturated  in  a  mortar,  and  then 
boiled  in  a  considerable  quantity  of  ¥^ater,  it  becomes  gcreen  and 
then  brown,  and  does  not  recover  its  blue  ccdour,  thoum  Seated 
witlEi  an  acid.  The  liquor  ibrais  a  fine  prussian  l^ue  when  nuxed 
with  equal  volumes  ofsulphate  of  iron  and  solution  of  ddonne. 
It  would  appear  that  in  this  process  the  starch  is  dtered  in  its 
natiore,  ana  converted  into  a  kind  of  gumir— (See  AnHoUrf  Phi'' 
hm)htfy  xiii.  68.) 

4.  Colouring  Matters  of  Vegetables^ — ^Respecting  the  nature 
of  the  substances  to  which  the  diffiunent  colours  in  thj^  v^etafale 
kingdom  are  owing,  very  little  satisfactory  information  ^la  yet 
been  acquired  by  diemists.  Many  of  them  are  of  so  fujiptiTe  a 
nature,  as  to  baffle  every  attempt  to  obtain  them  in  an  isolated 
state,  while  others,  which  are  of  a  more  permanent  natme,  can* 
ftot  be  easily  freed  from  the  variotw  foreign  bodiea  with  which 
ihey  are  in  combination.  Mr.  Smithson  has  favoured  the  worid 
with  a  number  of  facta  respecting  these  colouring  matters^  iriufik 
though  imperfect  and  isolated  wiU  not  be  without  their  utilifty. 

The  infusion  of  tumsol  {liimm}  contains  no  alkali,  lime^-  nor 
acid  9  tmd  its  natural  colour  is  blue.  When  the  cdoming  ^ppt- 
ter  of  tumsol  is  bumt^  it  leaves  a  saliijie  matter,  which^  iwfik 
nitric  acid,  forms  nitrate  of  potashu  Mr<  Smithson  Stipp^cts 
that  this  colouring  matter^  likeulminyia  a  comnound  of  A^me* 
table  substance  ami  potash.  The  assertion  of  Poun^ci^.iaiijbitlie 
natural  colour  of  tumsol  is  red,  aiud  that  it  cwotftuoui  miiM^Mta 
of  soda,  he  finds  without  foupdi^kiQi^.    .^/      .  -.     .  t    rrJ^^U 

The  colouring  matter  of  tib^yiofa^is^]^  iaohw&Wl  by 
iMnds  t<^  red.  Mr.  Smithson^jn^^^  u/9  .))uit  .the  atme;  aoiiB|Bfi)ig 
matter  exists  in  the  petsJa Willie  ?ed:res9^  in  the  .petak;  ^^^fed 
doves,  m  the  re^.  hpc^- 9^!^  f^^^ <^* ti&e  comn^on daiiy»;)0f 
th6  tdue  hyacinth^  )u)^]^^^,m  i^O:  ini^er  IaavoiJ^,ike 

artichbk^ii  ^d  nvunewn^  •it^i^c^Quiaithe.ij^'^of 

several  pltfntei  of  (jafe4io«to|geTin        ^dmsa^gr^natfi^^D^. 
fled  ^^abbage,  and  4faie  rmd  of  ^the  •  i^o^  rri^dWi  are  cplou^  }>y 
tl^^^ same  principle.     Mf^  Smkbson  .ecaiceives  tiiat  th^^-  Hid 
^wbiclvreraeASwradid^'iathecarl^  \  .■'- 

Mr.  onuthaongiires  -us  lU^ewise-a:&esiea  of  escpcsiinenta  on 
jnigar  loaf  paper^  -on  the  juice  ^:  the  Uack  mulberxy,  ihe  peteli 
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€tf  Ae  com  poppji  f^-  but  they  are  of  so  miscellaneotia  a  natofe, 
that  I  moat  aatiafy  msrielf  with  referring  the  reader  to  the  jpaper 
itMlf.    (Phil.  Trans.  1818,  p.  110.) 

What  ia  oallad  aap  green  is  the  inspissated  juioe  of  the  berries 
of  the  bockthom,  ripe  or  half  ripe,    it  differs  entirely  from  the 
green  ttiatter  of  vesetablea  in  general,  being  solable  in  water,  ' 
and  being  rendered  yellow  by  alkalies,  of  which  it  is  a  fery 
acnaiUe  test.    Acids  render  it  red. 

-.  I  nay  here  notice  Dr*  Qarke's  experiments,  to  demonstrate 
that  iron  constitutes  the  colourinff  matter  of-  the  red  rose. 
(See  Annah  of  Philosophy^  zii.  196  §96.)  I  have  no  doubt  that 
IH*.  Cfatrke  extracted  iron  horn  the  petals'  of  the  rose.  Indeed 
I  saw  a  small  globule  of  iron  which  he  had  actually  extracted ; 
but  a  Htde  consideration  wiU  be  sufficient  to  convince  us  that  the 
red  colour  of  the  rose  cannot  be  ascribed  to  iron.  The  changes 
produced  upon  the  colour  of  the  rose  by  acids  and  alkalies,  and 
the  veiy  iugitive  nature  of  that  colour,  are  quite  inconsistent 
with  the  idea  that  the  colour  is  owing  to  iron. 

6.  Morphia. — Sertiimer  has  been  generally  considered  as  the 
discoverer  of  morphia.  There  can  be  no  doubt  that  he  first  drew 
the  attention  of  chemists  to  it,  and  gave  it  a  degree  of  importance 
wfaieh  it  did  not  possess  before,  by  showing  that  it  possessed  the 
properties  of  an  alkali.  But  Vauquelin  has  shown,  in  a  satisiae-* 
torymanner,  that  the  substance  itselfhad  been  obtained  by  Segnin, 
SM  thoat  most  of  its  properties  had  been  described  by  him  many 
Teara  ago  in  a  paper  communicated  to  the  Institute  in  1804 ; 
but  not  publiidied  till  it  made  its  appearance  in  the  Annales  de 
CUmv  in  December,  1814.  In  that  paper  Seguin  showed  that 
the  alkaHes  precipitated  a  white  matter  from  infusion  of  opium, 
which  waa  soluble  in  hot  water  and  in  alcohol,  which,  crys- 
Ijallised  in  pr»ms,  and  dissolved  in  acids,  but  was  not  capable  of 
eoQibinuig  with  any  alkaline  body.  Hiese  properties,  so  far  as 
they  go,  belong  to"  morphia,  and  serve  to  cnaracterise  it.  We 
naafe admif^'- tMrefeve,  that  Seguin  first  discovered  morphia; 
'hot  itia  t^'Sertxfanaer'^at  we  owe  the  first  ideas  respecting  its 
alkaline  naturc-rK^^  ^^^^  ^^  Gbim.  et  Phys.  ix.  282.) 
. '    6::  OMQiftoft^Thias^  melts  at  349^  and  boils  when 

hirtcd'to  the  teinyrifatttrg  of-  899^,  as  we  are  informed  by  Oay- 
Liliaae^4-  It'ifl  pmified  by  miMinff  it  with  some  quicklime,  put- 
tioff  the-  miiture  int6  a  glass  soaped  somewhat  like  a  phial, 
aaelting  it,  caoaing  it  to  boil  j^lowly,  andkeeping  the  upper  part 
of  die  vessel  at  such  atroiperalure  that  the  camphor  becomes 
acdid,  but  vetaina  a  temp^ratiare  not  much  under  that  at  which 
it  fiuies.  This  high  temperature  is  requisite,  in  order  to  give 
•cans^or  thatsemitranapBaency  which  it  is  required  to  have  by 
those  that  purchase  it.  Gky-Lussac  haa  proposed  as  an  im- 
provement, in  this  troublesome  and  -exj^sive  process,  to  distil 
•  It  m  a  retort  hke  a  liquid,  and  to  condense  it  in  {^lobular  copper 
receivers.  This  method  would  be  much  more  raj^  asid  ^A«a  «a* 
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pensive,  and  would  leave  the  camphor  in  the  peculiar  aemitraiis* 
parent  state  which  it  is  at  present  required  to  poBStoBw*^ 
(See  Ann.  de  China,  et  Phys.  viu.  76.) 

7.  Action  of  Alcohol  on  CHI  of  Bergamot. — It  is  a  common 
practice  with  dealers  in  perfumes  to  adulterate  oil  of  bergamot 
with  alcohol.  This  induced  M.  Vauquelin  to  make  a  set  of  ex- 
periments on  the  action  of  these  two  bodies  on  each  other,  that 
it  might  be  in  his  power,  when  necessary,  to  detect  the  fraud. 
The  following  are  the  results  of  these- trials.  (1.)  Oil.  of  ber^ 
mot  may  contain  eight  per  cepit.  of  alcohol  of  the  specific 
gravity  0*817,  without  its  being,  perceptible  when  it  is  mixed 
with  water.  (2.)  When  it  contains  a  greater  quantity,  the  sur- 
plus separates,  dissolving  about  -^d  of  its  volume  of  oil.  (3.)  A 
small  quantity  of  water,  mixed  with  the  alcohol,  diminishes 
remarkably  its  .action  on  the  oil ;  for  alcohol  of  the  specific  gra- 
vity 0'880  dissolves  only  ^th  of  its  volume,  while  pure  alcohol 
dissolves  almost  half  its  volume.  (4.)  When  alcohol  of  the 
specific  gravity  0*847  is  mixed  with  oil  of  bergamot  of  the 
specific  gravity  0*866,  the  alcohol  sinks  to  the  bottom,  and  the 
oil  swims  on  it.  The  reason  is,  that  the  oil,  absorbing  a  portion 
of  the  alcohol,  becomes  lighter,  while  the  residual  elcohol,  be- 
coming  weaker,  increases  !n  specific  gravity.-(See  Annah  of 
Thiloso^hyj  xii.  160.) 

8.  Oil  of  Carapa, — This  is  an  oil  extracted  in  Cayenne  from 
the  firuit  of  a  tree,  called  carapa  by  the  natives  and  persoonia  by 
botanists.  This  oil  is  solid  at  39^ ;  it  melts  when  heated  to  50^ ; 
it  has  an  amber  colour,  which  is  more  intense  when  the  oil  is 
liquid,  than  when  it  is  soUd.  This  oil  has  a  taste  so  intensely 
bitter,  that  it  cannot  be  used  for  any  other  purpose  than  burning 
in  lamps.  This  bitter  ]^rinciple  cannot  be  separated  by  water, 
alcohol,  ether,  or  acetic  acid.  Neither  is  it  completely  re- 
moved by  combining  the  oil  with  alkalies.— -(See  Cadet,  Jour, 
de  Pharmacie,  1819,  p.  49.) 

9.  PofasA.— Dr.  Peschier,  of  Geneva,  has  pointed  out  a  very 
ingenious  way  of  detecting  the  presence  of  potash  in  vege- 
table juices  or  infusions,  without  the  necessity  of  subjectmg 
them  to  incineration.  He.  introduces  into  the  hqnid  in  question 
a  quantity  of  magnesia, .  and  agitates  for  some  time  ;  the  acid 
(usually  carbonic,  oxahc,'  oj  tartaric)  forms  an  insoluble  com- 
pouQd  ^yith  the  magnesia,  .while  the  alkali,  thus  set  at  hberty, 
remains  in  solution  in  the  liquid,  and  may  be  detected  by  its 
properties^-— (4^a/9  ofPJkimophy,  xii,  336.) 

..10.  Sugar^nd  Gum  in  Potatoes. — Dr.  Peschier  Jias  also  de- 
.:tected  the  pres^noe  of  mucous,  sugar,  and  of  gum  in  the  potato. 
.  HeiK^  we  see  .the  .reason  why  it  undergoes  £e  vinous  iennen- 

.tetion.— (/«d.jp.337.).  . 

.  ,  11..  Jifce^rr Vauquelin.  lyiade  ja  set  of  experiments,  chiefly  with 
.R.vtew.to  .ascertfun  whether  rice  contained  any  saccharine  mat- 
ter ;  but  he  was  not  able  to  discover  any.    Jie  detected  a  littls 
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phosphate  of  lime  ^d  some  ^m ;  but  found  this  grain  com- 
posed almost  entirely  of  a  peculiar  kind  of  amylacious  matter  or 
starch.  -{Atmals  of  Philosohpy jXii,  161.) 

12.  Anthemis  Pyrethrum,  or  Pellitory  of  Spain, — This  sub- 
stance, when  chewed/ excites  a  burning  sensation  in  the  mouth, 
and  occasions  a  copious  flow  of  saliva.  It  was  examined  by 
M.  Oautier  with  a  view  to  ascertain  the  nature  of  the  substance 
which  occasions  this  pecubar  sensation.  He  found  it  to  be  a 
peculiar  fixed  oil  residing  in  the  bark,  and  which,  on  a  close 
inspection,  may  be  seen  lodged  in  it  in  minute  vesicles.  This 
oil  has  a  reddisn  colour,  a  strong  smell,  is  insoluble  in  water,  solid 
while  cold,  but  melting  when  heated.  The  following  are  the 
substances  which  Gautier  extracted  from  the  pyrethrum : 

Volatile  oil,  a  trace. 

Fixed  oil 5 

Yellow  colouring  principle.. ..  14 

Gum 11 

Inulin 33 

Muriate  of  lime,  a  trace. 
Woody  matter 35 
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The  inulin  had  been  previously  observed  in  this  vegetable 
substance  by  Dr.  John.  Gautier  found  that  iodine  gave  it  a 
yellow  colour,  instead  of  the  blue  colour  which  it  communicates 
to  starch. — (Ann.  de  Chim.  et  Phys.  viii«  101.) 

13.  Chenopodium  Olidum. — ^This  plant  contains  uncombined 
ammonia,  to  which,  in  the  opinion  of  MM.  Chevalier  and  Las- 
seigne,  it  owes  its  pecuUar  smell.  The  substances  extracted 
from  the  plant  by  these  chemists,  were  the  following : 

Carbonate  of  ^onmonia, 
Albumen, 
Osmazome^    ,  . 
An  anomatic^esin^ 
-A  bitter  matter, 
.....  ^Nitrate  of  potash,  in  considerable  quantity. 
Acetate  and  phosphate  of  potash,. 
'  Tartrate  of  potash. 

100  parts  of  the  dried  plant  yield  6-}-  of  potash. — (See  Anmds 
of  Philosophy,  xii.  23fl,) 

14.  Jmce  of  the  Bilberry  >^Tbe  juice  of  vaccinium  mystiUus, 
or  bilberry,  contains  a  colouring  matter,  citric  and  malic  acids, 
and  a  considerable  quantity  of  unctystaUizable  sugar.  When 
diluted  with  an  equal  bulk  of  water,  and  mixed  with  yeast,  it 
ferments  readily,  and  forms  alcohol  in  considerable  quantity* 
Cheurcoal  or  day  removes  the  colouring  matter  completely  from 
this  ioice,  and  renders  tX  as  limpid  as  water .«-^Vogel|  Amabof 
Philosophy,  xii.  232.) 
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16,  Colowring  Matter  of  Red  TVmf .— This  c<>loimng  mfttfter  is 
distingaished  from  every  other  upon  which  M.  Vogeihas  made 
expenments  by  fhe  property  which  it  has  of  forming  a  greenish 

£ey  precipitate  with  acetate  of  lead.    By  this  propeiPty  we  can 
stinguish  wheAer  a  red  wine  is  genuine  or  fictitious. — {Bnd. 

p.  282.) 

16.  Lathj/rus  rtiienMtfr.— The  tubercles  of  this  plant  are 
pultiyated  in  HoHand,  and  used  as  an  article  of  food.  They 
are  palled  by  the  Pr^ch  macjdti.  Thev  were  lately  siAjected 
to  a  chemicai  analysis  by  Bracomlbt,  ^o  found  500  parts  of 
them  to  yidd  the  following  cofnstituents : 

I     .     Water. •;......••.. •.:...». 32798, 

^       Starch 84-00 

'■  ■  .    Sugar  (identical  with  common  sugar)  30-00 

Woodyfibre 26-20 

Animtoized  matter  ••.••••• •»•  16-00 

Albumen 14-00 

Oxalate  of  lime 1*80 

BancidoUli         q.^ 

AdipocereJ    •••••• 

Phosphate  of  lime 0-60 

Sulphate  of  potash 0*22 

Makte  of  potash 0*20 

Phos[Aate  of  potash..... ...• 0-10 

Muriate  of  potash •••••••••  0*10 

Odorous  principle. 

600-00 
f-<Ann.  de  Ohim.  et  Phya.  ▼iii.241.) 

17.  Menispermum  Cocculus. — Boulliiky  has  published  a  new  set 
of  experiments  on  this  sub&ftance/from  winch  he  had  previously 
^xtracted  the  substance,  to  which  he  has  given  Ae  name  of 
picrotoxine.    Fromthese  new  expetimentsifr  appears, 

(1.)  That  the  picrotoxine  4s  :fiot  eUy  a  new  substance,  and  a 
very  dangerous  vejgetable  poison  when  m  tfie  pure  and  erftttaUized 
state;  but  likewise  a  salifiable  batf6,  oamMe  of  neutralizing 
acids,  and  of  forming  ireH^liaracterized  salts.  The  sulphate  of 
picrotoxinie,  for  ekampk|'i6  pK)l^ 
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..  Stem  tfaia  ^  con^MMti^a  it  wmld  appear  Aatthe  CMiumlent 
4Mmiberior^picBOtoxiiieia46. .  it  is  therefore  the  heaviest  of  all 
the.  aikaliaer  bodies,  «nd  .o£  coavfs  amabte  of  saturating  the 
amaHest  quantity  a£ 'acidaof  asy  aaafipble  base  at  present 
known«  .: 


Oimittry.  Inl 

(2«)  TheTentaUeacidianlbebetliolTeQtsofthispiH^^ 
flulxi^inpey  and  most  proper  towutinJize  itg  deleterious  action.. 

(3.)  The  fruit  of  the  menispemuun  cocculus  containa  likewise 
a  peculiar  acid,  to  wbieh  BouUay  has  given  the  name  of  mem$' 
permit  aciid«  it  Dossea^es  some  projperties  analogous  to  thoee 
of  the  mdie  acid;  but  it  is  distinguished  from  the  other  vege- 
table acida  by  the  property  which  it  has  of  precipitating  p«r- 
sulpbftt^  of  iron  green^  and  sulphate  of  magnesift  white,  iha 
VBOuaperviate  of  pftignetta  is  not  decompose  hv  sulphuric  acid. 
This  sieid  does  not  readily  crystslUze;  ner  is  it  converted  into 
oxalic  acid  hj  the  action  of  mtric  acid. 

(4.)  The  jfruit  of  the  menispermum  cocculus  oontams  two 
peculiar  fixed  oiky  possessing  (uffiurent  properties,  and  having  a 
different  consistence. 

(6.)  It  imiean  to  eontain  likewise  a  quantity  of  sugar,— 
(See  Jour,  de  Pharmacies  1819^.  1.) 

.  18.  Lkhm  Praxineus.'^M.  Cadet  has  sobjected  afichen  from 
Tenerifft,  said  to  be  employed  as  a  red  dye,  to  some  experiments ; 
but  did  not  succeed  in  extracting  an]r  thing  from  it  likely  to  be 
of  use  to  European  dyers.  By  treating  the  lichen  sucoessively 
with  ether,  alcohel,  and  water,  he  extracted  the  following  coo- 
Ititomts: 
I   (1.)  A  reddish  vellow  colouring  matter,  soluble  in  water. 

(2.)  A  fat^  substance,  soluble  in  ether,  but  insoluble  in  alco- 
hol ;  i^nderea  by  the  alkalies  soluble  in  water ;  but  at  the  same 
time  changing  its  colour. 

(3.)  A  resin  soluble  in  alcohol ;  but  precipitated  by  water. 

(4.)  An  extractive  matter. 

(5.)  A  salt  with  base  of  lime. 

(6.)  Avery  small  quantity  of  mucilage.— (lU^?.  p.  64.) 

Xi  AKIM AL  SrBSTAKCfiS. 

1.  CaeUnml.'^MM^  PeUetier  and  Caventon  have  pubtished 
an  elaborate  eat  of  expodmaiits  on.  the  cochineal  insect.  They 
found  it  ^om^poedd  of  the  Mlowiiig  substances : 

<2.}  Afetenliarsttvael  matter. 

.  .       rstriirine, 
(3.)  A  fatty  matter  composed  of  <  elaine,  and 

tan  odorant  acid* 
(4.)  The  foHowmg  salts^   phosphate  of  hme,  carbonate  of 
lime,  muriate  of^potaidi,^jpho8phate  of  potash,  potash  united 
to  an  animal  acid. 

The  substance  to  whic^  ihese  chemists  have  given  the  name 
of  canmnef  ki^tbs  dolomiag  inatter  of  the  insect.  John  bad  al- 
ready made  some  eaqperiments  on  it,  and  had  given  it  thp  name 
ot^ochinettHm:  butitwovdil  qppeav  from  the  result  of  tbus  expo* 
riments  of  PeHelier  and'Ga^enton,  thai  Jbhn  did  not  succeed 
in  obtaining  this  substance  in  a  state  of  purity,    l^u^fttk^ 
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characters  by  TV'hich  he  has  distingQished  it  are  not  accurate. 
The  method  which  PeRetier  and  Caventon  took  to  obtain  the 
earmine  in  a  state  of  purity  was  to  digest  the  cochineal  insect 
in  alcohol^  as  long  as  it  gave  a  red  colour  to  that  Uquid.  These 
solutions^  when  Im  to  spontaneous  eTaporation,  let  fall  a  erysUd- 
Kne  matter  of  a  fine  red  colour^  consisting  of  the  carmine:  but 
not  in  a  state  of  purity.    To  obtain  it  pture^  these  crystals  were 

'dissolved  in  strong  alcohol^  and  the  liquid  was  mixed'  with  its 

*;  own  bulk  of  sulphuric  ether.  It  became  muddy,  and  after  an 
interval  of  some  days  the  carmine  wa$  deposited  at  the  bottom 
of  the  vessel,  forming  a  beautiful  purplish  red  crust;  the 
liquor  was  become  perfectly  clear,  ana  had  a  yellowish  red  co- 
lour. The  properties  of  the  carmine  thus  obtained  are  as 
follows:  ' 

It  has  a  fine  purple  red  colour.  It  adheres  strongly  to  the 
sides  of  the  vessel  m  which  it  is  deposited.  It  has  a  granular 
appearance,  as  if  it  were  composed  of  crystals.    It  is  not  altered 

"  by  exposure  to  the  air.  It  does  not  absorb  any  sensible  (quantity 
or  moisture.  When  heated  to  the  temperature  of  122^  it  melts. 
If  the  heat  be  increased,  it  swells  up  and  is  decomposed,  yield- 
ing carburetted  hydrogen  gas,  a  great  deal  of  oil,  and  a  little 
water,  having  a  shghtly  acid  taste.  It  gives  out  no  traces  of 
ammonia. 

It  is  very  soluble  in  water.  The  liquid  may  be  reduced  by 
evaporation  to  the  consistency  of  a  syrup ;   but  the  carmine 

'  does  not  crystallize,  llie  watery  solution  of  it  has  a  fine  car<- 
mine  red  colour.  A  very  small  portion  of  this  substance  ^ves 
a  strong  colour  to  a  great  quantity  of  water.  It  is  soluble  like- 
wise in  alcohol ;  but  the  stronger  the  alcohol  is,  the  worse  a 
solvent  does  it  become.  It  is  msoluble  in  sulphuric  ether ;  the 
weak  acids  dissolve  it ;  but  probably  merely  m  consequence  of 
the  water  which  they  contain.  No  acid  precipitates  if  when 
pure ;  but  they  almost  all  throw  it  down  when  it  is  in  combination 
with  the  peculiar  animal  matter  of  the  cochineal ;  but  all  the 

'  acids  produce  a  sensible  change  up6n  the  aqueous  solution  of 
carmine.  They  make  it  assume  in  the  first  place  a  lively  red 
colour,  which  eraduaH^-  assiunes  i^  ^Howish  tinge,  and  at  last 
becomes  entirely  yellow;  -  When  the  acids  are  not  very  concen- 
trated, the  carmine  is  not  altered  in  its  nature ;  for  when  the 

-  acid  is  saturated,  -die  cdour  resumes  its  former  appearance. 

Gonceritrated  sulphuric  acid  destroys  -and  cnars  carmine. 
Muriatic  acid  d^comprosefstt  without  charing  it,  and  converts  it 
into  a  bitter  substance,  which  has  no  resemblance  to  carmine. 

;  Nitric  acid-  -decomposes-  it  with  still  greater  rapidity.     Some 

'   vieedle-form  crystals-are  formed  similar  m  appearance  to  oxalic 

acid  ;  butiheydo -not -precipitate-  lime-water  even  when  mixed 

with  ammonia.  The:iiature'  of  these  crystids  was  not  ascertained. 

-  Cfalorihe  acts  with  energy  on  carmine,  eiving  it  first  a  yeUow 

cc^onr/  which  it  graduaUy  destroys  aitogeuier;    It  occasions  no 
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pncipitate  in  aqueous  solution  of  carmine  if  no  animal  substance 
M  present.  '  It  is,  therefore,  a  useful  reagent  to  enable  us  to 
discover  the  presence  of  animal  matter  in  this  colouring  principle* 
Iodine  acts  in  the  same  way  as  chlorine,  but  with  less  rapidity. 

When  the  alkalies  are  noured  into  a  solution  of  carmine^  they 
eire  it  a  idolet  colour.  If  the  alkali  be  saturated  imm^ately, 
we  original  colour  appears,  and  of  course  the  carmine  remains 
imaltered,  or  at  least  only  slightly  modified ;  but  if  the  action  of 
the  alkali  be  prolonged,  or  if  it  be  auffmented  by  the  application 
of  heat,  the  violet^olour  is  dissipated,  the  Uqmd  becomes  first 
red,  and  then  yellow.  The  nature  of  Uie  colouring  matter  is  now 
completely  altered. 

Lime-water  occasions  a  violet-coloured  precipitate  when  drop* 
ped  into  the  aqueous  solution  of  carmine.  Barytes  and  strontian 
occasion  no  precipitate,  but  produce  the  same  change  of  colour 
as  ^e  alkalies.  Alumina  has  a  very  strong  affinity  tor  carmine. 
When  newly  precipitated  alumina  is  put  into  an  aqueous  solution 
of  carmine,  the  hquid  is  totally  deprived  of  its  colour,  and  the 
alumina  converted  mto  a  beautiful  lake.  If  a  few  drops  of  acid 
be  added  to  the  aqueous  solution  before  adding  the  alumina,  tlie 
lake  obtained  has  a  fine  red  colour  as  before ;  but  it  becomes 
violet  upon  the  appUcation  of  the  least  heat.  The  same  efiectis 
produced  by  adding  to  the  liquid  a  few  grains  of  an  aluminous 
salt. 

Most  of  the  saline  solutions  alter  the  colour  of  the  aqueous 
solution  of  carmine  ;  but  few  of  them  are  capable  of  producing  a 
precipitate  in  it.  The  salts  of  gold  alter  the  colour  merehr ; 
nitrate  of  silver  produces  no  change  whatever ;  the  soluble  salts 
of  lead  render  the  colour  violet;  and  acetate  of  lead  occasions  a 
copious  violet  precipitate.  By  decomposing  this  precipitate  by 
means  of  a  current  of  sulphuretted  hydrogen,  we  may  obtain  the 
carmine  dissolved  in  water  in  a  state  of  purity. 
'  Protonitrate  of  mercury  throws  down  a  violet  precipitate. 
Pemitrate  of  mercury  does  not  act  so  powerfully,  and  the  colour 
of  the  precipitate  is  scarlet.  Corrosive  sublimate  produces  no 
effect  whatever. 

Neither  the  salts  of  copper  nor  of  iron  occasion  any  precipitate ; 
but  the  former  changes  me  colour  of,  the  hquid  to  violet,  d^e 
latter  to  brawn. 

Protomuriate  of  tin  throws  down  a  copious  violet  precipitate. 
The  permuriate  changes  the  colour  to  scarlet,  but  produces  no 
precipitate.  When  gelatinous  alumina  is  added  to  the  mixture, 
we  obtain  a  fine  red  precipitate,  which  is  not  altered  by  boiling. 

None  of  the  aluminous  salts  occasion  a  precipitate,  but  they 
change  the  colour  to  carmine.  The  salts  of  potash,  soda,  and 
amimonia,  change  the  colour  of  the  hquid  to  carmine  red. 

From  the  action  of  the  different  salts  upon  this  colourinjj  mat- 
ter, Pelletier  and  Caventon  have  drawn  as  a  conclusion  that  the 
metals  susceptible  of  different  degrees  of  oxygenatin^u  ac^  \iV^ 
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acids  upon  the  colouring  matter  of  cochineal  when  at  a  maximum 
of  oxidation^  but  like  alkalies  when  at  a  minimum  or  medium 
degree ;.  and  that  this  alkaline  influence  may  be  exercised  tnthm 
nudst  of  an  acid  when  the  oxides  in  question  are  cafMEiUe  of 
forming  an  insoluble  precipitate  with  the  colouring  matter. 

Tannin,  and  astringent  substances  in  general,  do  not  precipitate 
the  colouring  matter  of  cochineal. 

Pelletier  and  Caventon  mixed  a  Quantity  of  the  colouring 
viatter  with  black  oxide  of  copper,  ana  subjected  the  mix;ture  to 
the.  requisite  degree  of  heat.  The  only  ^eous  substance 
obtained  was  carbonic  acid.  Hence  it  follows  diat  carmiiie  is 
composed  of  carbon,  oxygen,  and  hydrogen,  and  that  it  contains 
no  azote  whatever. 

live  peculiar  animal  matter  of  cochineal  has  a  good  deal  of 
resemblance  to  gelatine ;  but  it  is  distingidshed  by  peculiaritiea 
which  render  it  necessary  to  consider  it  as  a  peculiar  substance. 
Biiblbr  a  minute  account  of  the  characters  oi  this  body,  and  of 
the  fatty  matter  of  cochineal,  I  must  refer  the  reader  to  tw  disser- 
tation of  Pelletier  and  Caventon  itself. — (See  Amu  de  Chim.  et 
Phvs.  viii.  260.) 

i.  White  Matter  deposited  by  the  Aphis  Euonymus^-^M.  Laa- 
peigne  collected  a  quantity  of  white  matter  deposited  upon  the 
leavi^s  of  the  Euonymus  Europeea  by  an  aphis  that  inhabits  these 
leaves,  and  subjected  it  to  the  following  trials  : 

(1.)  It  was  white,  without  smell;  but  having  a  pleasantly, 
sweet  taste.  Cold  water  dissolved  it  readily.  Cold  alcdtiol  did 
l^ot  act  upon  it ;  but  hot  alcohol  dissolved  it,  with  the  exception 
of  some  white  flocks  possessing  the  characters  of  albumen.  On 
cooling,  the  alcohol  allowed  the  substance  to  precipitate  insmaHf 
white,  brilliant  grains,  which  had  a  sweet  taste. 

(2.)  These  grains,  when  heated  in  a  retort,  |iroduoed  a  quantity 
of  very  acid  oil. 

(3«)  The  aqueous  solution  w^  not  precipitated  by  acetate  or 
aubacetate  of  lead,  nitrate  of  silver,  or  nitrate  of  mercury  1 
Neither  was  any  precipitate  produced  l^  the  alkalies,  liie  infusion 
•fimtgalls^  or  the.  aqueous  solution  of  chlorine.    .   . 

(4.)  Nitric  acid  converted  it  into  oxalic  acid. 

(5.)  Whenmixed  with  yeast,  it  gave  no  indication  of  feffme&- 
tation.  . 

Frpm  these  properties,  M.  Lasseiffne  consideqrs  it  as  a  species 
of  manba.-y-(Jour.  de  Pharmacte,  1818,  p«  526.) 

3.  Ods  in  the  AJ^domea,,  and  ini^ine^  ^  ^  Xiephant.'^The  • 
gas.in  the  abdomen  of  this  animal  after  death  was  fomid  to  i»e  a 
mixture  of  carbonic  acid  and  azotic  gas^wiih.a£ttle4iulphuretted 
hydrogen.  The  gas  in  the  intestines,  oh  the  other  hand,  seemed 
a  mixture  of  carbonic  acid  and  carburetted  hydrogen.— (Vanque- 
]xn,  Annab  of  Philosophy^  x^^  ^ 

4.  SiHOvia  of  the  EUphani. — This  liquid  was  examined  by 
Vauquelini  .who  foundits  nature,  to.  correspond  nearly  yn\h  that 
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of  the  smoria  of  Ae  ox  examined  many  years  ago  by  Margueron. 
•— (itmia/f  of  Pkilosopky,  xii.  120.) 

5.  1^9  of  the  Pike^ — A  portion  of  these  eggs  was  washed  in 
a  large  quantity  of  water.  The  water  was  evaporated,  and  a 
white  coagukble  substance  was  procured,  which  was  completely 
soluble  in  canstic  potash,  and  precipitated  by  the  infiision  of 
nu^alls  and  nitric  acid.  This  substance  being  calcined,  the 
salts  which  it  contained  were  obtained.  The  natter  itself  was 
conndered  as  albumen,  and  the  salts  were  potash,  phosphate  of 
potash,  muriate  of  soda,  and  phosphate  of  lime.— (Vauquelinj 
Annals  of  Philosophy,  xii.  148o 

6.  Unne  of  Amphibious  Animals. — ^Dr.  Prout  ascertained 
some  years  ago  that  the  urine  (if  that  name  can  be  given  to  a 
loHd  ezcrementitious  substance)  of  the  boa  constrictor  consisted 
entirely  of  uric  acid.  Since  that  time,  the  urine  of  diffisrent 
ipeciea  of  serpents  has  been  examined  by  Dr.  John  Davy.  Wh6l& 
thrown  out,  it  has  a  butyraceous  consistence,  but  becomes  quite 
hard  by  exposure  to  the  air.  It  was  alwavft  found  to  be  uric  stcid, 
in  a  state  nearly  pure.  He  found  also  tne  urine  of  lizzards  to 
consist,  of  nearly  pure  uric  acid.  That  of  the  alligator,  besides 
uric  acid,  contams  a  lar^e  portion  of  carbonate  ana  jphosphate  of 
Erne.  The  urine  of  turues  was  a  liquid  containing  nakes  of  uric 
tcid ;  and  holding  in  solution  a  little  mucus  and  common  salt ; 
but  no  sensible  portion  of  urea. — {Annah  of  Philosophy,  xiii.  209.) 

7*  Ca&ti2i-— We  owe  to  M.  Lassaigne  the  analysis  of  the  fd* 
lowing  calcnE  and  animal  concretions  : 

(1.)  Calculus  from  the  Urinary  Bladder  of  a  Dog, — It  had  a 
brown  colour,  an  irregular  figure,  and  was  of  the  size  of  a  nut  It 
was  composed  of  urate  of  aomionia,  mixed  with  a  little  phosphate 

lime. 

(2i)  Urinary  Calculi  of  Oxen. — lliey  were  composed  of  car^  • 
bonates  of  lime  and  magnesia. 

(3.)  SdUfxtry  CaJkulushfaCow.—Tid&  calculits  was  white, 
very  hard,  capable  of  being  polished,  about  the  size  of  a  pigeon's 
9jgg,  and  its  nucleiui  was  an  bat.  It  consisted  of  carbonate  of 
Kme,  mixed  viriith  a  fittle  phosphate  of  lime,  and  some  animial 
matter. 

{4.y  Salivary '"Concretion  from  a  Bhrse. — ^It  was  white,  soft, 
dairtiCy  and  had  exactly  the  form  of  the  canal  in  which  it  was 
lodeed.  Cold  water  extracted  firom  it  a  little  albumen  with  some 
carbonate  and  muriate  of  soda.  BoiHng  alcohol  extracted  a 
trace  of  fat.  Solutionis  of  caustic  potash  and  soda  dissolved  it 
with  facilitv.  When  csdciiied  in  a  platinum  crucible,  it  was 
decompbsea,  exhahn?  ^^  odour  of  burning  horn,  and  left  a  little 
wbkbt  nah,  ccnnposra  'c^  carbonate  and  mtuiate  of  soda,  and 
phoqihaie  of  Cme.  These  facts  show  us  that  it  was  composed 
of  mucus,  with  some  albumen^  and  the  salts  stated  to  have  been 
extracted  from  it. 

^.y  Concretion  from  the  Brain  of  a  lforse.~lt  ^iiaa  viV^e^ 
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slightly  softy  and  of  the  size  of  a  nut.  Boiling  alcohol  dissolTed 
onfy  a  portion  of  it.  On  cooUng^  the  alcohol  let  fall  a  white 
matter  in  plates,  and  of  a  fine  pearly  lustre.  This  substance  did 
not  stain  paper  like  tallow.  It  melted  at  the  temperature  of  276^^ 
and  on  coohng  crystallized  in  briUiant  plates.  When  d^ested  in 
caustic  alkalies,  it  underwent  no  alteration.  Hence  it  is  the 
substance  found  in  human  biliary  calcuU  to  which  Chevreul  has 
given  the  name  of  cholesterine. 

The  portion  of  the  concretion  insoluble  in  alcohol  was  com- 
posed of  albumen  and  phosphate  of  lime. 

(6.)  Concretions  from  the  Lungs  of  a  Cow  labouring  under 
Phthisis  Pulmonalis. — They  had  flie  form  of  small  white  n'ains, 
very  hard,  and  united  together  by  a  mucous  membrane.  Weak 
nitiic  acid  dissolved  them  with  a  slight  effervescence.  Ammonia 
threw  down  a  copious  precipitate  from  the  solution,  and  oxalate 
of  ammonia  occasioned  a  isUght  precipitate.  Hence  the  concre- 
tions consisted  of  phosphate  of  hme  mixed  with  a  Uttle  carbonate. 
(7.)  Coficretions  found  in  a  Cavity  in  the  Mesentery  of  a  BuU 
attacked  with  Phthisis, — Their  composition  was  precisely  the 
same  as  that  of  the  preceding. 

(8.)  Matter  fomid  in  a  Schirrus  situated  in  the  Mesocolon  of  a 
Mare, — This  substance  was  yellowish,  greasy  to  the  feel,  had 
the  odour  of  rancid  oil,  and  stained  strongly  blotting  paper.  It 
wa^  a  mixture  of  albumen  and  a  peculiar  matter,  consisting 
partly  of  cholesterine,  and  partly  of  a  white  substance,  crystalliz- 
ing in  needles,  and  reddening  vegetable  blues.  When  calcined, 
the  concretion  yielded  phosphate  and  carbonate  of  lime. — (Ann. 
de  Chim.  et  Phys.  ix.  324.) 

8.  Sulpkate.of  Zinc  devoured  by  Spiders. — For  Uie  knowledge 
of  this  fact,  one  of  the  most  curious  yet  observed,  as  connected 
Ivith  the  food  of  the  insect  tribes,  we  are  indebted  to  the  sagacity 
of  Mr.  Holt.  A  quantity  of  sulphate  of  zinc,  which  he  kept  in  a 
paper,  disappeared,  except  a  small  external  crust,  in  the  cientre  of 
which  was  a  large  spider.  To  determine  whether  this  insect,  of 
the  species  called  aratUa  scenicct,  had  devoured  the  salt, .  he  was 
jput  in  a  box  with  fresh  sulphate  of  zinc,  which  he  deyour(ed  m&t 
same  manner,  converting  it  into  a  yeBowish-brown  powder.  Hiis 
matter  was  found  lighter  than'the  i^Iphateoflinc,irdm  whidl^it 
Imd  been  formed  by  the  t^dei*. .  It  was  insolubte-iit  water,^  and 

2q)eared  tobave  beeirdepnved^'a-iportion  of  its  acid.*^See 
nnals  of  Philosophy ^  xii.  464.) 


n.  MiNiERA'iaGY. 


*'  This  branch  of  nuturalhistoiyfs  divided  into  two  department^; 
jiaraely,  orycto^;ru)syy  aiid  geognosy,  or-geohgy.  The  second  of 
tiiese  has  become  of  ^late '  years  a  fashionable  study  in  Great 
Britain-  and  America ;  and  numerous  essays,  containing  geolo- 
gical descriptions  of  -  different- tracts*  of  countrj%  more  or  toss 
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in  detail,  have  made  their  appearance.  Oryctognosy  is  at  pre- 
sent litde  better  than  a  chaos  of  confusion.  I  wish  some  person 
competent  to  the  task  would  set  about  a  mineralogical  arrange- 
ment of  minerals.  Nothing  can  be  conceived  more  imperfect 
than  the  Wemerian  classification.  Haliy  has  been  more  success- 
ful in  determining  the  species.  But  orders  and  genera  may  be 
said  to  be  entirely  wanting  in  his  system. 

I.    ORYCTOGNOSY. 

I.  New  Mineral  Species. 

The  mineral  -  kingdom  has  been  examined  with  so  much 
induatryfor  these  last  40  years^  that  the  discovery  of  new  species 
moat  of  necessity  be  a  more  difficult,  and  consequently  a  rarer 
occurrence  than  it  formerly  was.  Werner,  a  short  time  before 
his  death,  amused  himself  with  giving  new  names  to  several 
varieties  of  minerals,  and  constituting  them  into  new  species. 
An  account  of  several  of  these,  by  M.  Cordier  and  by  Mr.  Heu- 
land,  may  be  seen  in  the  Annals  of  Philosophy,  xii.  310  and  453. 
It  may  be  requisite  to  notice  the  most  remarkable  of  these  here. 

1.  iSgeran. — This  mineral  was  named  by  Werner  from  Eger, 
in  Bohemia,  the  place  where  it  was  discovered.  By  the  kindness 
of  Mr.  Heuland,  1  have  had  an  oppoilunity  of  examining  various 
specimens  of  it.  It  possesses  all  the  essential  characters  of 
idocrase,  and  must,  therefore,  as  Cordier  has  observed,  be  con- 
sidered as  merely  a  variety  of  that  species,  differing  chiefly  in 
colour  jand  opacity. 

2.  Albin. — ^This  mineral,  so  called  by  Werner  from  its  white 
colour,  occurs  at  Mariaberg,  near  Aussig,  in  Bohemia,  imbedded 
in  clinkstone.  Mr.  Heuland  has  rightly  observed,  that  it  is  a 
variety  of  apophyUite,  and  not  of  mesotype,  as  Cordier  states  it 
to  be.  These  two  species  differ  from  each  other  very  materially 
in  their  composition ;  the  mesotype  containing  a  good  deal  of 
alumina,  whue  the  apophyUite  contains  none.  The  alkali  in  the 
former  is  soda,  in  the  latter  potash. 

3.  -Pytvom.r-This  name  was  gdven  by  Werner  to.  a  mineral 
found  in  tne  valley  of  Fassa,  and  already  distinguished  by  the 
Italian  outieralogists  by  the  name  of  fassaite.  ]?othing  can  bo 
more  different  thatn  the  external  appearance  of  this  mineral  and 
of  common  augite;  yet  in  its  crystalline  form,  the  agreement  is 
complete.  Hence  there,  can  be  no  doubt  that  the  two  minerals 
belong  to  the  same  species. 

4.  GeAfomVe.— This  is  a  name  given  by  Fuchs  to  a  mineral 
discovered  in  the  valley  of.  Fassa,  of  which  I  have  given  a 
description  in  the  last  edition  of  n^  System  of  Chemistry  (vol. 
iii.  p.  329)^  From  its  ^[ipearance  1  was  led  to  suspect  that  it 
was  intimately  connected  with  andaluzite ;  but  Cordier's  conjec« 
tore,  that  it  is  a  variety  of  idocrase,  is  much  more  probable,  as  is 
obvious  from  a  comparison  of  the  constituents  of  the  two  minof 
rait,  according  to  the  best  analyses  hitherto  made ; 
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Idocraie.  GeUeoite* 

Sfflca 36-60 29-64 

Alumina 22-26  24-80 

Lime.  ....;.%....,..  33-00  36-30 

Oxide  of  iron  • 7-64  ....• 6-60 

Oxide  of  manganese...    0-26  \ ••••     — 

Water —  :.    3-30 

I 

The  first  of  these  analyses  was  by  Klaproth,  the  second  by 
JPnchs.  They  do  not  dmer  more  from  each  other  than  two 
different  analyses  of  the  idocrase  by  Klaproth  do. 

6.  J7e/Wn.---This  mineral,  as  we  am  informed  by  Mr.  HcBhoid, 
is  found  in  Brother  Lorenz's  mine,  near  Schwartzenberg,  in  the 
Saxon  Erzgefairge.  It  was  named,  it  seems,  from  *ifi<iOif  the  sun, 
xm  accoont  of  its  pale  yellowish*brown  colour.  Its  primitiye  form 
is  iihe  regular  tetrahedron.  It  is  softer  than  glass,  and  mdts 
before  the  blow-pipe  into  a  blackish-brown  glass.  It  baa  not  yet 
been  subjected  to  analysis.  Hence  it  has  not  been  detenmned 
whetlier  or  not  it  constitutes  a  peculiar  species. 

6.  Pf /iMm.—- This  mineral,  so  nataed  by  Werner  firom  iU  Uue 
colour  (onx^,  hvor),  occurs  at  Bodenmais,  in  Bavaria.  It  is 
erystallized  in  six-sided  prisms,  truncated  on  the  edges  and 
imgleR.  Cordier  sayfi  that  in  other  respects  it  perfecUy  resem- 
bles the  dichroite. 

'rr  7.  JSk(n'oiUe.'^'Ilm  mineral  has  been  so  named  by  Mr.  Btei- 
thaupt,  of  Freyberg  (from  aKopoibv,  garlic);  because,  wbea 
exposed  to  the  heat  of  the  blow-pipe,  it  gives  out  a  garlic  smell. 
Itnas  been  foutid  at  Slamm  Asser,  near  Schneeberg,  in  Saxcmy.. 
Mr.  Heuland,  from  its  external  appearance,  considers  it  as  a 
cupreous  arsebiate  of  iron. 

o.  Tungstate  of  Lead. — ^This  new  species  of  lead  ore  has  been 
found  at  Zinuwalde,  in  Bohemia.  It  greatly  resembles  the 
Inrown  acicular  phosphate  of  lead  fr-om  roullouen,  in  Britany ; 
but  it  crystallizes  in  very  acute  four^sided  pyramids. 

9.  Kfie&e/tVe.— Dobereiner  has  thought  proper  to  distinguish 
by  this  name  a  mineral  of  wfaidi  a  descrmtioa  wffl  be  found  in 
the  Annals  cf  Pkilasophf^  xn.  392.  Fibm  his  analysk,  it  »ppfUB 
to  foe  a«^oinoinatioji^  tOr  mixture^  of  an  atom  of  silicate'  tAisoa 
with  an  atom  of  siUdatajof  manganese;..  it'ought,'tf  thia  bc^^lhe 
'Caae,  to  be  caUeed  silicate  oSiranranA^mamgamse^  Hie  charstttsn 
^veaof  this  mineral.are  hardy  suffieiemtly  precise  to^Stracterize 
at,  I  have^  little  doubt-  that  lit,  bflsr  beto  hitberto  -ecttifounded 
«ndeK  the  name  of  gnjf  ore  afmoiigamH.^  Whoever  will  wider- 
take  toim^stigate  the  idiaos  of  minerals'  at^piresent  eonfounded 
under  that  name,  will  undoubtedly^  ,disoavevs(everd  new  species 
of  minerals,  and  throw  light  upon  the  varieties  of  an  ore  at  pre- 
sent of  very  ^cKnolfifderabfe-  iiApdrttnc^  to  some  of  the  most 
ioterssting  branches  of  dor  maimfacfcufes..: 

10.  Tcniia7i^«.it^33ki»ir,axiameffiveb  by  Messrs*  W 
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Bichard  PhUIipft  to  an  ore  of  copper  fonnd  in  the  mines  of  Dol- 
Goath,  Cook's  lUtcben,  and  Tuicroft,  near  Redruth^  and  in  Huel 
Virgin,  Hnel  Unity,  and  Huel  Jewel,  near  St.  Die.  It  haa  been 
hitherto  considered  as  a  variety  of  grey  copper  ore  (fahlen) ; 
but  its  specific  gravity  is  inferior,  its  hardness  greater,  and  it  haa 
never  been  observed  crystallized  in  tetiahedrons. 

Ita  colour  varies  from  lead-grey  to  iron-black. 

It  is  usually  crystallized  in  rhcHnboidal  dodecahedrons,  either 
.  perfect,  or  variously  modified.    Some  of  the  modifications  are 
%uml  by  Mr.  William  Phillips,  in  the  Quarterly  Journal, 
VM.  97. 

.  Giystab  iextemallv  sometimes  tin^white  and  splendei^ ;  some- 
times lead-erey,  waa  listening ;  sometimes  iron-black,  and  duU. 
.  Laatre  ofthe  firagm^nts  lirom  shining  to  gUstening :  met^ 
•  Fractnre  imper£^y  foliated,  and  uneven,  with  the  apneaianoe 
.  of  Jiataral  joints  panud  to  the  faces  of  the  rhomboidai  dodecar 
hedron. 

Harder  than  vitreous  copper  or  grey  copper  ore,  both  of  which 
it  scratches. 

Brittle.    Specific  ^vity  4-375.    Powder  reddiah-grdv. 

Befiore  the  hknr-pipe  on  charcoal,  it  bums  first  with  a  blue 
flame,  and  sligfat  decrepitation ;  to  which  ancoeed  copioua  aiae^ 

"^T^i?"'**  a  greyish^black  scoria  wUch  afibcte  the 
masnetic  neeoie. 

'    tts  conrtitnents,  aeooiding  to  the  andysis  of  Mr»  Riohard 
?kiBipa,  am  aa  fbUiawa : 

Saica .,,••..    5-00 

Iron  ....: 9-26 

Copoer , . .  45-32 

Sufpnur.  ,. ^,.,.^ 28*74 

Arsenic  •••.'•  .^ ,.« «r .»...•»•  11*84 

loo-ie 

—(See  <3{uarterty  Jdt^al/  vit  96.)  .        ' 

i  iiave  a  sin^  spacim0n  of  idiis  ore,  which  I  brought  firoQn 
.ConMraB  (I4llmk  from 'the  umted  minea  near  Redruth).    I  con^ 
sideied  it  as  probaUy  a  variety  of  gnyHSopper  ose,  though  it 
diiBeaed^ftCMpa  it  matriiaUjr  ialuatee,  liolour,  and  hafdness ;'  bat 
:  bomMt.  PUllij^'s^^scnption,  there  seems  no  reason  to  doubt 
'  that  it  constitiites  a  peCHhar  species.    As  to  the  c(Hnposition  qf 
.  the  sul^pburetted  olres.  ctf  cbppcir,  the  subject  ia  at  present  involved 
ift  impenettabte  ^Mcurity,.  in  which  it  must  remain  till  some  che- 
mist be  fortunate  enough  to  meet  with  spedmena  of  each  species 
perfectly  fee  fW>m  aU  foreign  matter. 

...  .  •  ;:•        "... 
II.  N£W  ANALTSES  OF  MINSRAXS. 

1.  Tbvrmafine.-— In ;  Ihai  mtmber  of  Gilbert^i  Annalen  der 
t^hysik  for  Aprily  lSlS,.iiani|pMbiis  anneunoes  thti  bi^Wji^l^xV 
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haupt  had  discovered  boracic  acid  in  the  tourmaline^  He 
promises  to  give  the  quantitative  results,  and  the  mode  of  analysis^ 
u  a  future  paper,  which  I  have  not  yet  seen.  This  notice 
attracted  the  attention  of  M.  Vogel,  who  actually  succeeded,  as 
he  informs  us  (Joum.  de  Pharmacie,  1818,  p.  338)  in  extracting 
a  quantity  of  boracic  acid  from  the  black  tourmaline  of  the  Upper 
Palatinate  (see  an  abstract  of  his  paper  in  the  Amials  of  FhilosO' 
jJtjfy  xii.  314) ;  but  it  still  remtdns  aoubtful  whether  this  acid  exists 
m  every  variety  of  tourmaline;  at  least  Prof.  Gmelin,  of  Tubingen, 
who  has  devoted  much  of  his  time  to  the  analysis  of  minerals, 
and  who  informed  me  that  he  had  repeatedly  analyzed  thq  tour- 
maUne  in  Berzelius's  laboratory  at  Stockholm,  and  had  always 
experienced  as  great  a  loss  as  that  which  ha'd  been  sustained  by 
Bucholz  in  the  analyses  which  he  had  made  of  the  tourmaline  at 
the  request  of  Fror.  Bemhardi.  Prof.  Gmelin  has  again  sub- 
jected the  same  mineral  to. a  new  analysis  since  the. discovery 
announced  by  Lampadius,  and  verified  by  V  ogel,  without  being  able 
to  detect  the  presencff  of  boracic  acid ;  but  we  must  suspend  our 

i'udgment  till  the  modes  of  analysis  followed  by  Lampadius  and 
)y  UmeUn  have  been  laid  before  the  chemical  world.    .     ^ 

2.  Axinite. — ^Vogel  has  announced  the  presence  of  boracic 
acid  likewise  in  axinite.  I  should  think  it  ratber  surprising  that 
this  acid  should  have  been  overlooked  by  Klaproth  and  Vauque- 
lin,  at  least  if  it  occur  in  considerable  quantity,  in  a  mineral 
winch  contains,  according  to  their  estimate,  above  the  «xth  of 
its  weight  of  lime.  If  such  oversights  have  beai  committed  by 
two  of  the  most  expert  analysts  of  the  age,  it  is  impossible  not 
to  conclude  that  the  whole  labour  of  aiu^zing  the  mmeral  king- 
dom remains  still  to  be  Undertaken. 

3.  Tantalite,  or  Columbite.-^Tbis  ore,  formerly  so  scarce,  has 
been  observed  first  in  Finland,  in  smaU  grains  disseminated  in 
granite  ;  and  more  lately  at  Bodenmais,  in  Germany,  crystaUized 
m  pretty  large  four-sided  prisms  ;  at  least  this  is  the  form  of  a 
specimen  in  my  possession,  for  which  I.  am  indebted  to  the  kind- 
ness of  Mr.  Heuland.  Tantalite  hais  been  analysed  with  great 
care  by  Berzelius,  and, more  lately  by  .YoeeL  The  following 
tftble  exhibits  the  constituents  as  deduced  from  the  analysis  of 
each.  The  reader  will  bear  in  mind  that  the  tantalite  of  Berze- 
liufi  was  from  Finlandi  while  thai  of  Vdj^l  was  from  Bodenmais. 

Oxide  of  tantalum  .. « :  83*2 75 

Protoxide  of  iron 7-2  ........  17 

Protoxide  of  manganese.  » . . .    7-4  • 5 

Oxide  of  tin. 0-6  1 

.984  9i. 

4.  Petalite. — ^Thits  mineral,  according  to  the  mean  of  several 
careful  analyses  by  Arvedson,  ia  composed  as  follows : 
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SiUca 79^212 

Alumina 17*226 

Lithina.  ..•....•. 6-761 

102098 

^^^  '  "  '         ■         • 

He  considers  it  aa  composed  of  an  atom  of  the  sexsilicate  of 
lithina  and  three  atoms  of  trisilicaie  of  ^umina*  Hence  its 
symbol wiBbe  LS«  +  3AS». 

6.  Spodumene,  or  Ikiphane. — This. mineral  had  been  examined 
by  Vauquelihy  who  bad  fomid  it  to  contain  10  per  cent.  otpoU 
ash.  Iiisinger  and  Berzeliii9  anakzed  it  afterwards  without 
detecting  any  alkaline  ingredient  whateven  This  want  of  com* 
cidence  induced  Arvedson  to  resume  the  examination  of  the 
mineral  anew.  The  result  of  his  experiments  gave  the  consti* 
tueatB  as  foQows : 

SiUca. 66'40 

Alumina ^25*30 

litUna ..•.    8-86 

Oxide  of  iron i.     1*45 

Volatile  matter  .  •  • friS 

102-46 

Voeel's  analysis  of  the  TjTolese  spodumene^  if  we  suppose  that 
the  a&ali  which 'he  denominates  potash  was  really  Utnma,  does 
not  differ  very  materially  from  the  result  obtained  by  Arvedson. 
It  is  as  follows : 

SiKca 63-50 

Alumina.. •^ 23-60 

lime  •..••••.•••. 1*76 

Potash;. 6-00 

Oxide  of  iron, 2-60 

Watwr;  ...•;.;,.... 2-00 

Manganese  ••.••«•••...••  Trace 

99-26 
(^  Annab  rfPhihio^^in.  392.) 

6.  Green  Tourmalim,  tatted  Crystallized  Lepidolite.—Tlnn 
mineral  resembles  the  tovmaline,  but  is  much  softer;  being 
easily  scratched  by  a  knife.  Though  it  haa  been  considered  as 
a  crystallized  jepidoUtey  there  can  he  no  doubt,  both  from  the 
shape  of  its  crystals  and  from  the  result  of  the  analysis  of  Ar- 
vedson, that  it  is  merely  a  variety  of  tourmahne ;  the  consti* 
tuents  which  he  found  being  nearly  similar  to  those  found  by 
Klaproth  and  Vauquehn  in  the  rubeUite,  Arvedson's  imalysia 
gave  the  constituents  as  follows : 

Vol.  XUL  f 
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Silica 40-3 

Alumina 40'5 

Jithina 4-3 

Oxide  of  iron 4-86 

Oxide  of  manganese 1*5 

Boracic  acid • I'l 

Volatile  matters •  • .    3*6 

.     96- 1& 

;  7.  Foliated  Pyrope,  from  Greenland.^This  mineral  has  a 
deep  blood  colour.  '  Its  lustre  is  not  adamantine^  bke  that  of 
|he  pyrope,  but  common.  If  is  composed  of  scaly  distinct  c(m- 
cretions.  It  is  softer  than  pyrope.  Its  specific  gravity  is  3*634. 
AccorcUng  to  the  i^nalysis  of  Ffaff,  its  constituents  are  as  fdU 
|ows: 

Silica 41-82 

Oxide  of  i^o^.  ,..;..•... . .  32-42 

Alumina.  ................  17-82 

Magnesia  ...•......••••.•    4*90 

Oxide  of  man^canese 3^  12 

Lime :.....;..::..  o-ao. 

100-88  , 

This  approaches  to  Klaproth's  analysis  of  the  pyrope.  (Schweig-? 
ger's  Journal^  xxi.  236.)  .» 

8.  Rutilite,  from  Arendahl. — ^This  mineral  has  a  dark  hak 
brown  colour,  passing  into  blackish  brown. 

It  is  always  crystallized  \  but  so  confusedly  that  Professor 
Pfaff  was  unable  to  make  out  the  form,  thou^  he  tlmiks  that 
it  approaches  most  to  a  four-sided  prism. 

The  externs^  surface  is  dull  (ht  slightly  glinmiering. .  The 
lustre  of  the  longitudinal  fracture  is  glistemng/that  of  die  jcross 
fracture  shining,  and  the  kind- of  lustre-approaches  that  of  the 
diamond. 

The  principal  fracture  is  foUated  with  a  two-fold  desTa^ 
meetuig  under  angles  of  74^  and  106^.    The  cross  firacture  fi 
small  conchoidal. 
.  It  is  composed  of  thi$:Jc  sealy  distmct  concretioas.  . ' 

The  frsigments  are  quadrangular  and  sharp  edged* 

It  is  translucent  at  the  edges. 

It  scratches  glass,  and  eyen  garnet.  •  - 

.  It  is  brittle  and  easily  fran^bie. 
.,  The  colour  of  the  powder  is  light  brown. 
•    Specific  gravity  3-879. 

l^  Its  constituents^  ao<;ordiQg  to  the  analjrsis  of  Profes8<^  !pitf; 
are  as  follows : 
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Sffica 38-(Ki 

Protoxide  of  iron 34-00 

Alumina 13-00 

Oxide  of  titanium 7-00 

Protoxide  of  manganese .  •  •  •     5*15 

lime 1-40 

Magnesia '.  • 0*60 

99-07 

Professor  Pfaff  has  observed  that  there  is  a  striking  resem* 
blance  between  zirconia  and  the  oxide  of  titanium.  To  prove 
this  he  has  drawn  up  the  following  table : 

(1.)  Zirconia  and  oxide  of  titanium  are  both  insoluble  im 
caustic  alkalies. 

(2.)  Both  are  somewhat  soluble  in  carbonates  of  potash  «iid 
soda. 

(3.)  The  solution  of  zirconia  in  muriatic  acid,  when  heated 
to  a  certain  temperature,  becomes  milk  white,  and  runs  in  some 
measure  into  a  jelly,  especially  if  it  has  been  concentrated  to  a 
certain  point  by  evaporation.  The  muriatic  solution  of  oxide  of 
titanium  exhibits  the  same  appearances. 

(4.)  From  the  muriatic  solution  of  zirconia,  oxalic  acid  throws 
down  a  white  precipitate,  which  is  again  re-dissolved  by  an  ex** 
cess  of  the  acid.  This  is  the  case  also  with  the  solution  of 
oxide  of  titanium. 

(6.)  Zirc<)nia  and  oxide  of  titanium  are  precipitated  from  their 
acid  solutions  by  the  neutral  succinates  and  benzoates  in  com- 
tms  white  bulky  nocks,  which  iare  again  readily  dissolved  by  tne 
addition  of  succinic  acid. 

(6.)  Tartaric  acid,  or  tartrate  of  potash,  occasions  a  precipi-' 
tate  when  dropt  into  the  solution  either  of  zirconia  or  oxide  off 
titanium. 

(7.)  MaUc  acid- produces,  in  both  solutions,  a  copious  white 
precipitate. 

(8.)  Pirassiate  of  potash  throws  down  a  green  precipitate  in 
the  commons  solution  of  oxide  of  titanium ;  which,  by  a  <;erta& 
increase  iii>  the  oxidation  of  the  titanium,  becomes  ^unost  qtite 
blve*  Krom  a,  moderately  n^ntral  muriatic  solution  of  zir<::Ot]}tL 
prussiate  of  potash  throws  down  a  greenish  blue  precipitate, 
which,  on  the  addition  of  muriatic  acid,  becomes  more  blue  ; 
but,  after  a  certain  interval  of  time,  changes  into  celadon  green. 
The  Uquid  above  both  precipitates  remains  of  the  same  green 
colour.  ; 

(9.)  Hydrosulphuret  of  ammonia  produces,  in  the  muriatic 
acid  solution  ofoxide  of  titanium,  a  dark  olive  or  blackish  green 
precipitate  in  very  loose  flocks.  This  precipitate  may  be  washed 
without  any  loss  of  colour;. but  when  e^qposed  to  sunshine  it 
becomes  quite  white.    Th«  same  phenomena  take  place  wheti 
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Iiydrosulphuretof  ammoHia  is  dropped  into  a  solution  of  zirconiai 
and  the  precipitate  undergoes  the  same  change  of  colour  when 
exposed  to  the  solar  rays. 

(10.)  The  only  re^agent  which  acts  in  a  strikindy  different 
manner  upon  solutions  of  oxide  of  titanium  and  of  zirconia  is 
the  tincture  of  nutgalls.  In  the  common  solution  of  oxide  of 
titanium  it  throws  down  a  reddish  brown  precipitate,  whereas  in 
the  solution  of  zirconia  it  occasions  a  deposition  of  yellow  Jlocks. 
The  addition  of  ammonia  renders  the  colour  more  inclining  to 
brownish  red,  and  makes  the  precipitate  more  abundant. 
.r.(il.)  Both  the  solution  of  oxide  of  titantium^  and  of  zirconia, 
have  an  astringent  taste. 

It  is  obvious  from  this  detail  of  particuLars,  that  if  zirconia 
tnd  oxide  of  titaxuum.  he  two  distinct  substances,  as  i(i  believed 
at  present,  we  are  still  ignorant  of  a  method  of  separating  them 
£rom  each  others— (Schweigger's  Journal,  xxi.  240.) 

This  historical  sketch  has  extended  ahready  to  so  great  alen^, 
ihai  I  Toast  pass  over  the  notice  of  the  new  toalyses  of  various 
minerals  which:  have  been  inserted  in  the  twelfth  and  present 
volumes  of  the  Ammls  of  Philosophy.  I  refer  the  reader  to 
Atmais  of  Philosophy,  xu.  388, 466,  468 ;  and  xiii.  65, 141, 144, 
232,  310. 

III.    CEYSTALLINE  FORM  OF  CINNABAR. 

« 

.  This  mineral,  which  is  almost  the  only  one  of  mercury,  oc- 
curs in  great  abundance,  but  seldom  in  crystals.  Hence  its 
crystalline  form  had  not  vet  been  determined  with  accuracy. 
Haiiy,  when  he  published  his  Mineralogy,  had  seen  only  .two 
.  crystals,  and  he  was  led  from  them  to  suspect  that  the  primitive 
form  was  a  regular  six-sided  prism.  M.  le  Chevalier  de  Parga 
has  lately  sent  him  a  set  of  very  complete  crystals  of  this  mine- 
ral from  the  mine  of  Almaden,  m  Spain,  which  has  enaUed  him 
to  determine  the  primitive  form,  and  the  laws  of  crystidlizatioa 
of  this  mineral,  with  all  the  requisite  precision.  Hennas  accord- 
ingly published  a  memoir  on  the  subject  which  \viU  be  (luly 
appreciated  by  mineralogists.  As  it  is  scarcely  possible  to  make 
his  deductions  intelligibTe,  without  the  assistance  .of  figures,  I 
think  it  will  be  better  to  insert  the  memoir  entire  in  a  future 
number  of  the  Annals.  It  may  be  suffijpient  to  observe  in^  this 
place,  ^that  the  primitive  fonn  of  the  crystals  of  cinnabar,  ac- 
cording to  Haiiy,  is  an  acute  rhomboid,  t&e  smallest  incidences 
of  the  faces  of  which  are  71*=^  48',  and  the  greatest  108«  12^. 

The  ratio  between  the  demidiagonals  of  each  rhomb  is  ^3  to  V^. 
.  (Ann.  de  Chim,  et  Phys.  viii.  64.) 

IV.   ONTEtief  CAiaSES  OF  THI^.    DIFFERENT   CRYSTALLINE 

FOtlMS  OF  MJfNERALS. 

. .  T^  great  variety  of  forms  wfaioh  the  same  mineral  spedes  is 
known  to  assume,  has  drawn  much  of  the  attention,. and  o*cca- 
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Bioned  the  most  laborious  part  of  the  investigations  of  mineralo- 
gists. The  known  forms  of  calcareous  spar  exceed  600 ;  and 
perhaps  those  of  iron  pyrites  and  of  some  other  species,  if  they 
were  fully  examined,  would  not  be  found  much  fewer.  Leblanc 
was  the  first  of  the  modem  chemists  that  attempted  to  ac- 
count for  this  diversity  ;  but  the  progress  which  he  made  was 
inconsiderable.  The  subject  has  been  lately  taken  up  by  M. 
Beudanty  who  has  published  a  most  interesting  and  elaborate 
paper  on  the  subject.  I  regret  that  I  am  prevented,  by  want  of 
room,  from  laying  the  substance  of  his  researches  before  the 
reader.  I  can  do  no  mpre  than  merely  state  the  general  results 
which  he  obtained. 

U  The  state  of  the  atmosphere,  the  ^eater  or  less  rapidity 
of  evappration,  the  form  of  tne  vessel,  its  nature,  the  quantity 
of  liqmd,  the  state  of  its  concentration,  seem  to  have  no  effect 
whatever  upon  the  crystalline  forms  which  salts  assume ;  they 
mjereiy  influence  their  beauty  and  size. 

.  2.  When  the  atmosphere  is  moist,  the  salts  have  a  tendency 
to  form  crystaUine  vegetations  on  the  edges  of  the  vessel. 

3.  Very  dilute  solutions,  excluded  from  the  air  and  prevented 
from  evaporating,  may  yield  crystals  after  a  longer  or  shorter 
interval  of  time.  But  tnis  is  particularly  the  case  with  those 
salts  which  have  but  little  solubiUty. 

4.  The  nature  of  the  vessels,  by  exercising  different  attractions 
on  the  salts,  occasions  the  crysteds  to  deposit  themselves  more 
or  less  quickly,  and  to  accumulate  in  different  ways  in  different 
parts  of  the  solution.  If  the  vessels  are  covered  with  a  coat 
of  grease,  the  crystallization  takes  place  only  at  the  surface. 

5.  The  position  in  which  the  crystals  are  deposited  in  the 
midst  of  a  liquid  mass,  has  no  other  influence  than  that  of  pro- 
ducing more  or  less  extension  of  the  crystal  in  one  direction, 
rather  than  another.  Hie  bounding  faces  are  always  of  the 
usud  number,  and  in  the  usual  position. .. 

6.  The  temperature  and  electrical  state  seem  to  have  ho  in- 
flaenc^e  on  the  forms  of  crystals  ;  excepting  that  at  high  tem- 
peratures crystallization  is  very  irregular,  and  the  saline  masses 
produced  are  veiy  fragile. 

7.  Substatices  in  isuspension,  almost  permanent  in  a  saline 
solution,  have  no  eflect  m  varying  the  crystalline  form.  These 
substances  are  often  deposited  in  the  crystal  in  concentric 
layers. 

8.  The  crystallization  of  a  salt  cannot  take  place  in  the  midst 
of  a  deposit  of  foreign  matters  in  very  fine  and  incoherent  par- 
ticles, unless  the  deposit  be  covered  to  a  certain  height  by 
the  liquid.  Crystals,  formed  in  these  circumstances,  always 
contain  a  portion  6f  the  foreign  matters  which  are  found  disse- 
minated more  or  less  regularly  in  their  mass,  and  never  deposit- 
ed  in  concentric  layers.    When  the  solution  is  not  much  cgn- 
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centrated,  the  crystals  are  always  of  a  simpler  form  and  more 
regular  than  when  they  are  crystallized  in  a  pure  Uquid.  When 
the  solution  is  very  concentrated,  isolated  crystals  are  formed 
in  it;  If  hose  faces  are  crossed  like  the  hopper  of  a  mill. 

9.  The  crystallization  of  a  salt  may  take  place  in  the  midst 
of  a  gelatinous  mass  without  the  necessity  of  any  supernatant 
liquid.  In  that  case  the  crystals  contain  none  .  of  the  foreign 
matter,  and  undergo  no  change  of  form ;  but  they  are  almost 
always  isolated  and  remarkably  regular  and  complete  in  all  their 
parts. 

10.  When  several  salts  are  in  solution  in  the  same  Uquid,  it 
would  appear  that  they  are  capable  of  mutually  affecting  one 
another's  crystallization,  even  when  they  are  not  susceptible  of 
uniting  or  or  acting  chemically  upon  each  other.  Thus  common 
salt  takes  the  form  of  a  cubo-octahedron  when  it  crvstaUizes 
in  the  midst  of  a  solution  of  borax,  or  still  better  of  boracic 
acid. 

11.  The  forms  which  the  same  salt  is  capable  of  assuming, 
yary  according  to  the  nature  of  the  Uquid  from  which  it  is  pre* 
^pitated.    Thua  alum  assumes  the  cubo-octahedral  form  wnen 
it  crjrstalUzes  in  nitric  acid,  and  the  cubo-icosahedral  form  when . 
it  crystallize»  in  muriatic  acid. 

12.  Whenever  several  salts  are  capable  of  mixing  chemically, 
that  is  to  say,  of  uniting  without  entering  into  a  definite  com- 
bination, that  salt,  whose  system  of  ciystsJUzation  predominates, 
always  assumes  particular  torms  which  differ  from  those  which 
it  adopts  when  it  is  pure.  The  different  salts  present  Ukewise, 
in  general,  different  forms  in  the  same  system  of  crystalUzatioa, 
according  as  they  contain  more  or  less  of  acid  ;  and  the  double 
salts  according  ad  one  or  other  of  the  component  salts  exist  in 
more  or  less  quantity. 

13.  The  chemical  action  which  tends  to  determine  a  particu- 
lar form,  by  altering  the  composition  Qf  a  salt,  produces  different 
effects  according  to  its  energy,  and  often  gives  occasion  at  once 
to  several  varieties  of  crystsQs.  Thus  the  action  of  an  insoluble 
carbonate  upon  alum  determines  in  the  same  solution  octahe- 
dral crystals,  cubo-octahediul  crystals^  cubic  crystals,  and  an 
incrystallizable  matter  which  contains  stiU  less  acid  than,  the 
preceding. 

14.  When  simple  (irygtiJs  0^  drfforetit.  forms  belonging  to  the 
same  salt  are  dissolved  together  in  the  same  liquid,  two  different 
things  may  happen.  If  the  crystalUzation  tates  place  slowly, 
the  crystals  are  deposked  in  succession  and  separately ;  but  if 
the  crystallization  be  rapid^  a  single  mixed  compound  is  formed^ 
exhil^iting  crystals  partaking  at  once  of  aU  the  different  simple 
forms.  Thus  octahedral  wA  ctA>ic  i^rystals  of  alum  may  umte 
and  constitute  cubo-octahedral  crystals. 

15.  Crystals  of  complex  form  may  be  sometimes  decomposed 
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into  several  simple  forms  by  different  solutions  and  successive 
slow  crystallizations.  Thus  cubo-octo-dodecabedral  alum  yield- 
ed separate  octahedrons,  cubes,  and  cubo-dodecahedrons. 

16.  Crystals  of  a  certain  form  being  put  into  a  solution  of 
the  same  substance,  which  gives  naturally  a  different  form,  in^ 
crease  by  additions  according  to  this  new  form. — (See  Ann*  de 
Chim.  et  Phys.  viii.  6.) 

V.    ELECTRICITY  OF  MINERALS. 

M.  Haiiy,  assisted  by  M.  Delafosse,  has  made  a  very  elaborate 
set  of  experiments  to  determine  the  electrical  state  of  the  dif<- 
ferent  species  of  minerals.  I  can  here  give  nothii^more  thaa 
a  tabular  view  of  the  results  which  they  obtained.  Inis,  indeed, 
is  sufficient,  as  the  mode  of  trying  the  electricity  of  minerals 
lias  been  long  familiar  to  mineralogists. 

CLASS  I. 

Substances  transparent  and  cdourlest  in  their  perfect  state. 
Their  colour,  when  they  have  any,  depends  upon  an  accidental 
principle.  They  are  capable  of  insulating,  andacquirei  when 
rubbed^  the  vitreous  or  positive  electricity. 


ORDER    I. 

Electrical  by  Heat. 


Borate  of  mamesia, 
Silico-fluate  of  alumina^ 
Axinite, 
Tourmaline, 


Mesotype, 
Prehnite, 
Oxide  of  zinc, 
Titane  siliceo-calcaire. 


Calbareous  spar, 

JQittOy^  contamins  magnesia  in 

laminaB.  jxom  St.  Gothard, 
Arragonite, 
Phosphate  of  Jime  (asperagw 

stone),    . 
Fluate  of  lime. 
Sulphate  of  lime. 
Anhydrous .  ditto, 
Sulphate  of  barytas. 


ORDER   II. 

Nonelectric  by  Heat. 

A.  Saline. 

Carbonate  pf  barytes. 
Sulphate  of  strontian, 
Caroonate  of  strontiia. 
Sulphate  of  magnesia, 
Sibco-borate  of  lime, 
Nitrate  of  notash,    . 
Sulphate  or  potash, 
Commoo  salt, 
Glauberite* 


« 

B.   jBnr%. 

Quartz, 

Spinel, 
KmeraJd, 

Zircon, 

Corundum 

Euclase, 

Cymophane, 

Dichroite, 
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B.    Earihy  (wntikued). 

GaiMty  /    E^idote, 

EsiMnitaty  Sttbite, 

.,    Idoerase^  i^^:  Analcime, 

Felspar,  Nepheline, 

Apophyllite,  Disthene  or  cyanite, 

Actinoiite  and  trempUtet  Mica, 

Diopside,  Hietcle. 

C   iJonUmstible. 
Diamond,,  ■'"  Vr 

v/:    v:  i:   .  r     1)%'    Metallic. 

Carbonate  of  lead,  Carbonate  of  zinc, 

Sulphate  of  lead.  Oxide  of  tin. 

Tungstate  of  lime, 

Tlie  following  species  are  placed  here  merely  from  analogy : 

Carbonate  of  magnesia,  ^  Scapolite, 

Borax,  DiaUage, 

Sal-ammoniac,  .  Anthophyllite, 

Alum,  Lemonite, 

CiypUte,  Sodalite, 

Wavellite,  Chabasite, 

Spodumene,  Harmotome, 

PetaUte,  Pinite, 

Granatite,  Dipyre, 

Hyperstene,  Asbestos. 
Wemerite, 

Appendix. 

Substances  exhibiting  iresinous  or  negative  electricity  joined 
to  an  unctuous  feel.  They  are  capable  of  instdating;  when  trans- 
parent and  colourless,         c  '  :  vj     ": 

FoUated'^ Veld,   '^'-'^ -  - •  • '  AgalmitaJnidliti^  f  ■  ^-^   J 

-  Granular talp?v...,,,,^  .,  ;,....,,.  ,^^.3^,^  .. 

CXASS  II. 

•    *\.    -f      :  r-:J' ■■'^■■;  .\-,..-.  v7^  -:.-.-•■    -      '.■■.••r--^ 


jSubstances  httvjpGig^^a^ftoefi^  colour  depeh^ix]^  on  thev^ AjM,^  , 
capable  of  i^sill^Qg  miv^llltt  state  soever  they  ace^  8ua4  acquj^ipg, 
when  ]^l>bed,reainoiis-or  negative  electrici^..  Ai^t|i^E^1^i^9^^ 
must.be  insulate  beforeit-can  be  excited*    .    .      -     : 


lur,      .'  Retinasphalt, 

^ituSfcn,  •      ■  -   -^  Amber, 

a.  glutinous,        :^.     ,  Mellite, 

i„  solid,  Anthracite. 

c.  elastic, 


CLASS  ilL 

Sobstances  essentially  opaque,  possessing  the  metaQic  faistjre, 
or  acquiring  it  when  pdnhed,  conductors,  and  acquiring  trhen 
insulated,  some  of  them  vitreous,  and  others  resinous  dectricity, 

.   OBOER   I. 

VUreaui  Electrics. 

Silver,  Copper  coin^ 

Native  silver.  Zinc, 

Silver  coin.  Brass, 

Lead,  Native  bismuth, 

Copper,  Argental  mercury* 

Native  copper, .  ' 

Resinofis  Electrics, 
A.    Having  naturally  the  Metallic  Lustre. 

h  Simple  Species, 

Platinum,  Forged  iron, 

Native  platina,  Tin, 

Palladium,  Foil  of  looking-g|lasseS| 

Gold,  Native  arsenic, 

Native  gold,  Antimony, 

Gold  com.  Native  antimony, 

Nickel,  Auro-plumbiferoustenoriuni* 

Native  iron, 

2.  Combinations  of  Two  Metals. 

Antimonic^,  silver.  Arsenical  iron. 

Arsenical  nickel,  * 

3.    Oxides. 
Prototide  of  ironj  Peroxide  of  mangi^iese. 

4  Metals  utnted  to  Combustibks. 

Sulphuret  of  silver.  White  sulphuret  of  iron, 

Snlptiuret  of  lead,  '  Magnetie  sulphuret  of  iron. 

Copper  pyrites,  8ul{^raret  of  tin, 

•  Grey  copper  Ore,  ■'"         of  bismuth, 

Sulphuret  of  copper,  -  of  manganese. 

Graphite,  ■  of  antimony, 

Sulphuret  of  iron,  .  — — —  of  molylj^d^^Kum. 

6.  Metalline  Salts. 

Chromate  of  iron.  ' 
Vol.  Xin.  g 
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6.  Exhibiting  only  a  tendency  to  the  Metallic  Lustre,  which  they 

acquire  sensibly  when  polished. 

Perocdcie  of  iron,  Yenite, 

Black  oxide  of  cobalt,  Oxide  of  tantalum, 

Protoxide  of  uranium,  Yttro-tantaiite, 

Wolfram,  Black  oxidized  cerium. 

CLASS  IV. 

Substances  baying  a  colour,  depending  on  tbeir  nature,  sus- 
ceptible  of  transparency  in  their  perfect  state.  The  property  of 
insulating  is  limited  to  those  varieties  wUch  approach  diat 
state, 

ORDER    I. 

* 

Susceptible  of  giving  by  reflexion  the  metallic  lustre,  and  by 
reflection  and  refraction  at  once  a  colour  more  or  less  lively.  The 
difierence  depends  on  the  polish  of  the  surface.  They  all  ac« 
quire  resiQOim  el^tricity  by  friction. 

Colour  red  by  Transmission, 

Sulphuretted  antimonious  silver,       Oligiste  iron  ore, 
Sulphuret  of  mercuvy,  Sulphuret  of  arsenio. 

Protoxide  of  copper,  Oxide  of  tifeanium. 

Colour  blue  by  Transmission^ 
Titane  anatase. 

ORDER    II. 

Destitute  of  the  Metallic  Lustre.    Almost  all  acquire  Re^tious 

Electricity  when  rubbed. 

Muriate  of  mercury,  Hydrate  of  copper, 

Chromate  of  lead.  Sulphate  of  copper. 

Phosphate  of  lead,  Phosphate  of  iron, 

Molyodate  of  lead,  Arseniate  of  iron, 

Greeij  cart>onate  of  copper,  -Sulphate  of  iron, 

Blue  caibonate  of  copper,  Sulphuret  of  zinc, 
Arseniate  of  copper,                   ■  Arseniate  of  cobalt, 

Dioptase  copper.  Oxide  of  uranium, 

Phosphate  of^cepper, 

»       ■  ■  ■   '." 

.  il,    GEOGNOSY, 

This  historical  sketch  has  been  insensibly  carried  to  such  a 
leaigth,  that  I  am  deprived  of  the  power  of  entering  into  those 
gemogical  details  which  the  popularity  of  the  science,  and  the 
zeal  with  which  it  has  lieen  cultivated  in  Great  Britain,  and  in 
some  other  countries,  would  have  rendered  both  amusing,  fuid 
iostrqctive^    Iregcet  this  predusiou  the  less,  b^camse  the  most 
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important  factd  which  have  come  to  my  knowledge^  either  have 
or  win  make  their  appearance  in  the  transactions  of  the  dif- 
ferent geological  societies 'which  have  been  of  late  years  esta- 
blished in  Great  Britain.  - 1  shall  take  care  to  insert  a  rej^ular 
analysis  of  the  different  volumes  published  by  these  societiei 
into  the  Annab  of  Philosophy  soon  after  they  have  made  their 
appearance.  .  •  ^ 

There  is  only  one  publication  belonging  to  Geology^  strictly  , 
so  caUed,  which  has  made  its  appearance  since  my  last  historical 
sketch  was  drawn  up,    I  alluae  to  a  work^  intitledi  '^  Facts 
and  Observations  towards  forining  a  new  Theory  of  the  Earth, 
by  Wilb'iun  Knight,  LL.  D.  Professor  of  Natural  Philosophy  in 
the  Institution  of  Belfast."    I  abstain  the  more  willinely  vcoxxt 
entering  into  any  discussion  respecting  the  theory  of  me  earth, 
which  uie  author  has  advanced^  and  whidi  he  has  supported 
with  mnch  zeal  and  ingenuity,  because  the  worid  in  general 
seems  now  sensible  of  tiie  unprofitable  nature  of  such  spectt- 
lations.   Even  Professor  Jameson,  whose  zeal  burned  for  so  many 
years  with  such  furious  ardour,  that  to  call  in  question  a  Wer- 
nerian  opinion,  or  to  hesitate  about  the  propriety  of  a  Wemerian 
arrangement,  was  considered  by  him  as  a  crime  of  the  deepest 
die,  and  worthy  of  the  severest  treatment ;  even  he  has  become 
sufficiently  cool,  has  ventured  to  call  in  question  some  of  the 
most  material  parts  of  his  master's  geognosy ;  and  if  he  exercise 
his  own  judgment  without  fetters  for  a  few  years  longer,  I 
venture  to  predict  that  he  will  not  be  a  Wemerian  at  all.    Even 
the  Huttonians,  those  Calvinists  of  the  science  of  geology, 
whose  theory  was  so  complete  and  so  beautiful,  if  we  took  its 
foundation  for  granted,  and  were  complaisant  enough  to  over- 
look its  inconsistency  with  the  phenomena  of  nature — even  they 
have  become  a  great  deal  more  tolerant ;  they  no  longer  hurl 
their  anathemas  and  their  interdicts  against  their  antagonists  ; 
they  no  looker  affirm  that  mineralogy  and  geology  are  uncon- 
nected sciences^  and  that  we  may  become  profound  geologists 
without  any  knowledge  wha^tever  of  rocks  or  of  minerals.   On 
the  contrary,  they  have  exercised  their  industry  with  laudable 
zeal,  and  not  omy  flavoured  us  with  descriptions  of  tracts  of 
country  themselves,  but  encouraged  others  to  undert^e  similar 
tasks.    Geologists  in  general  seem  now  satisfied  that  the  tirue 
object  of  their  science  is  to  acquire  an  accurate  knowledge  of 
the  structure  of  the  earth  ;  thatthis  knowledge  can  be  acquired 
only  by  patient  observation ;  that  at  present  our  knowledge  of 
that  structure  is  very  incomplete ;  and  that  till  the  position  of 
all  the  different  strata  over  the  whole  surface  of  the  earth  be 
accurately  ascertained,  it  would  be  a  waste  of  time  to  speculate 
upon  the  original  formation  of  these  strata,  or  the  dianges  which 
tiiey  have  undergone  since  their  original  creation.     Dr.  Knight 
is  a  gentleman  of  amiable  manners,  of  excellent  abilities,  and 
indetatigaUe  industry.  Ha 'would  much  mor!&.eSeCi\nRli!L^  ^t^ 
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mote  th€  interests  of  his  fiurourite  scienot  by  an  aeconte  ds* 
scription  of  the  numerous  parts  of  Scotland  and  Ireland,  whois 
structure  he  has  ascertained,  than  by  the  most  ingenious  specu* 
lations  about  the  origin  of  the  eartn.    Tlie  splendour  of  such 
speculations  is  too  apt  to  have  irresistible  attractions  for  a  young 
and  generous  mind  just  starting  in  the  u^ena,  and  eager  to 
attract  the  attention  of  his  fellows.    But  the  fate  of  the  numer«* 
ous  list  of  preceding  writers  in  this  tempting  career,  and  the 
fate  obviously  impending  over  even  the  latest  and  best  qualilisd 
adventurers,  ought,  I  thmk^  to  be  a  warning.    Who  at  present 
ranks  the  geological  speculations  of  Kin¥an,  Berlrand,  or 
lametherie,  mucE  higher  than  those  of  Woodward  or  Bujfeat 
And  the  impending  fate  of  Hutton,  and  even  of  Werner,  is 
obvious  and  irresistible.     Facts  are  eternal,  speculations  are 
palaces  of  ic^e  glittering  like  gold  and  jewels,  and  built  appa- 
rently of  the  most  soUd  materials ;  but  melting  away  before  the 
rays  of  the  sun,  without  leavipg  even  a  trace  behina  them. 
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Article  L 


Observations  on  new  Combinations  of  Oxygen  and  Acids, 

By  M.  Thenard  * 

1  OBTAINED  these  new  combinations  by  treating  the  peroxide 
of  barium  with  acids.  Most  of  them  are  very  remarkable,  and 
deserving  the  attention  of  chemists. 

The  first  that  I  observed  is  the  combination  of  nitric  acid  and 
oxygen.  When  the  peroxide  of  barium,  prepared  by  saturating 
baiytes  witii  osrgen,  is  moistened,  it  falls  to  powder  without 
much  increase  of  temperature.  If  in  this  state  it  be  mixed  with 
seven  or  eight  times  its  weight  of  water,  and  dihite  nitric  acid  be 
gradually  poured  upon  it,  it  dissolves  gradually  by  citation  with- 
out the  evolution  oi  any  gas.  The  somtion  is  neutral,  or  has  no. 
action  on  tumsol  or  turmeric.  When  we  add  to  this  solution 
the  requisite  quantity  of  sulphuric  acid,  a  copious  precipitate  of 
sulphate  of  barjrtes  falls,  and  the  filtered  Uquor  is  merely  water 
holding  in  solution  oxygenized  nitric  acid. 

This  acid  is  liquid  and  colourless,  it  reddens  strongly  tumsol^ 
and  resembles  in  almost  all  its  properties  nitric  acid. 

When  heated,  it  immediately  begins  to  discharge  oxvg:en ;  but 
its  decomposition  is  never  complete  unless  it  be  kept  boihng  for 
some  time.  It  follows  from  this,  that  it  would  be  dimcult  to  con- 
centrate it  by  heat  without  altering  it.  The  only  method  which 
succeeded  with  me  was  to  place  it  m  a  capsule  under  the  receiver 
of  an  air-pump  along  with  another  capsule  full  of  lime,  to  exhaust 

•  Translated  from  the  Ann.  de  Chim.  et  Pbyi.  viii.  S06.    {f\\^ ,  \%\%.> 
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the  receiver  till  the  barometer  gauge  stands  10  or  12  centimetret 
below  the  common  barometer,  ny  this  means  I  obtained  an 
acid  sufficiently  concentrated  to  give  out  11  times  its  bulk  of 
03^gen  gas  ;  while  in  its  first  state  it  gave  out  only  l^-  times  it» 
bulk  of  that  gas. 

This  acid  combines  very  well  with  barytes,  potash^  soda^ 
ammonia,  and  neutralizes  them ;  but  I  am  afraid  that  it  will 
scarcely  be  possible  to  crystallize  the  salts  thus  formed.  When 
heated  ever  so  Uttle,  the  acid  is  decomposed,  and  gives  out 
oxygen.  They  are  decomposed  likewise,  at  least  this  is  the  case 
with  the  oxygenized  nitrate  of  barytes,  when  left  to  spontaneous 
evaporation.  The  decomposition  takes  place  at  the  instant  of 
crystallization.  They  are  decomposed  likewise  when  placfed 
under  an  exhausted  receiver.  They  have  this  last  property  in 
common  with  the  solutions  of  the  alkaline  bicarbonates,  which, 
when  placed  in  an  exhausted  receiver,  boil  violently,  and  are 
reduced  to  the  state  of  carbonates.  Tlie  oxygenized  nitrate, 
when  changed  into  nitrates,  do  not  alter  the  state  of  their 
neutralization. 

Thus  we  see  that  oxygenized  nitric  acid,  when  united  with 
bases,  instead  of  becoming  more  stable,  acquires,  on  the  con- 
trary,  the  property  of  abandoning  its  oxygen  with  greater 
facility.  This  is  so  true,  that  if  into  a  neutral  and  concentrated 
solution  of  oxygenized  nitrate  of  potash  we  pour  a  concentrated 
solution  of  potash,  a  brisk  effervescence  takes  place,  and  oxygen 
is  disengaged.  The  potash  acts  doubtless  upon  the  nitriitei. 
properly  so  called.  Thus  the  bases  act  relatively  to  oxygenized 
nitnc  acid  as  the  ordinary  acids  relatively  to  Qgrtain  peroxides; 
sulphuric  acid,  for  example,  on  the  l3lack  oxide  of  manganese. 

I  have  not  neglected  to  put  oxygenized  nitric  acid  in  contact 
with  the  metals.  1  found  that  it  did  not  act  on  gold  ;  that  it 
dissolved  very  well  those  metals  which  nitric  acid  is-  capable  of 
dissolving ;  and  that  this  solution  in  general  took  place  without 
the  disengc^ement  of  gas,  and  with  the  production  of  heat 
However,  in  some  cases,  there  is  a  little  oxygen  disengaged 
at  first.  This  bappens^  when  the  action  is  too  violent,  as  is  the 
case  when  oxygemzed  nitric  acid  concentrated  so  as  to  contain 
16  times  its  volume  of  oxygen  is  poured  upon  zinc. 

One  of  the  most  important  questions  was  to  know  how  mueh 
oxygen  oxygenized  nitric  acid  contained.  In  order  to  ascertain 
the  quantity,  I  began  by  analyzing  the  deutoxide  of  barium.  I 
heated  a  certain  quantity  of  barytes  with  an  excess  of  oxygen  in 
a  small  curved  tube  standing  over  mercury.  This  base,  to  paaa 
to  the  state  of  a  peroxide,  absorbed  almost  as  much  oxygen  as  it 
contained ;  but  having  ascertained  that  barytes  extracted  from 
the  nitrate  always  contains  a  little  peroxide,  I  conclude  that  in 
the  peroxide,  the  quantity  is  double  that  which  exists  in  the 
protoxide  ;  but  in  the  neutral  nitrates,  the  quantity  of  oxygen  of 
the  acid  is  to  the  quantity  of  oxygen  of  the  oxide  ufi  &t&  ta 
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one.*  Consequently  in  oxygenized  nitric  acid,  the  azote  will  be 
to  the  oxygen  in  volume  as  one  to  three.  Lreason  here  oi^llie 
fliu)(>osition  that  the  acid  is  pure ;  that  is  to  say^  is  not  a  mixture 
ot  nitric  and  oxygenized  nitric  acid. 

Phosphoric^  arsenic^  and  probably  boracic  acid,  are  capable, 
like  nitric  acid,  of  uniting  with  oxygen :  they  retain  it  much 
more  strongly.  This  is  the  case  also  with  the  oxygenized  arse- 
niates  and  phosphates  ;  so  that  I  am  in  hopes  of  being  able  to 
obtain  these  salts  in  a  solid  state. 

I  have  not  yet  been  able  to  procure  oxygenized  sulphuric  acid. 
All  the  attempts  which  I  have  hitherto  made  have  been  inde- 
cisiye. 

My  experiments  on  acetic  acid  have  been  much  more  conclu- 
BiTe.  This  acid  dissolves  the  deutoxide  of  barium  with  almost 
as  great  facility  as  nitric  acid  does.  No  effervescence  takes 
place,  and  we  obtain  by  the  process  described  above,  an  acid, 
which,  being  saturated  with  potash  and  heated,  allows  a  great 
quantity  of  oxygen  gas  to  escape.  There  is  disengaged  at  the 
same  time  a  notable  quantity  of  carbonic  acid  gas.  This  shows 
that  the  oxygen,  when  assisted  by  heat,  unites  in  part  with  the 
carbon,  and  doubtless  likewise  with  tlie  hydrogen  of  the  acid. 

Chiided  by  the  preceding  experiments,  I  examined  Ukewise 
the  action  of  liquid  muriatic  acid  on  the  deutoxide  of  barium.  I 
expected  that  the  result  would  be  water,  chlorine,  and  muriate  of 
baiytes  ;  but  the  result  was  quite  different.  1  obtained  oxyge- 
nized muriatic  acid,  which  1  separated  by  means  of  sulphuric 
acid.  This  fact  appeared  to  me  so  extraordinary,  that  I  tnulti- 
plied  experiments  m  order  to  demonstrate  it.  One  of  the  most 
decisive  of  these  is  the  following : — I  took  a  fragment  of  barytes, 
vhich,  in  order  to  pass  to  the  state  of  deutoxide,  had  absorbed 
12*41  centilitres  of  oxygen  gas  ;  I  mixed  it  with  water,  and  then 
dissdived  it  in  diluted  muriatic  acid.  After  this,  I  precipitated 
all  the  barytes  by  means  of  sulphuric  acid.  The  filtered  Uquid 
was  neither  precipitable  by  sulphuric  acid,  nor  by  nitrate  of 
baiytes.  In  this  state  I  saturated  it  with  potash,  and  heated  it 
gradually  till  it  boiled.  I  obtained  very  nearly  the  original  volume 
of  oxygen  absorbed  at  first  by  the  base.  If  I  add  that  oxyge- 
nized muriatic  acid  leaves  no  residue  when  evaporated ;  that  the 
barytes  after  its  oxygenation  requires  for  passing  to  the  state  of 
fi  neutral  muriate  the  same  quantity  of  acid  as  before  the  oxyge- 
nation ;  that  the  muriate  formed  exactly  resembles  common 
muriate,  the  existence  of  oxygenized  muriatic  acid  will  not,  I 
conceive,  admit  of  doubt. 

I  have  obtained  it  only  at  the  degree  of  concentration,  in  which 
it  contains  four  times  its  volume  of  oxygen.     It  is  a  very  acid, 

A     

*  Tbif  law  holds  only  when  the  bases  are  protoxides.  Many  bases  may  b« 
Bentioned,  as  peroxide  of  mercury,  peroxide  of  cerium,  in  which  the  proportions 
are  different.— T. 
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colourless  liquid^  almost  destitute  of  smell,  and  powerfully  red- 
deas  tincture  of  turnsole.  When  raised  to  the  boiUng  temperar 
ture,  it  is  decomposed,  and  converted  into  oxygen  and  muriatic 
acid.  When  saturated  with  barytes,  potash,  or  ammonia,  it  is 
decomposed  still  more  readily,  allowing  a  quantity  of  oxygen  to 
escape.  It  dissolves  zinc  without  effervescence,  it  does  not  act 
upon  ^old  at  the  ordinary  temperature,  at  least  in  the  space  of  a 
few  mmutes.  Its  action  on  the  oxide  of  silver  is  curious.  These 
two  bodies  occasion  as  lively  an  effervescence  as  if  an  acid  were 
poured  upon  a  carbonate.  The  reason  is,  that  water  and  a  cfalo* 
ride  being  formed  by  the  reaction  of  the  oxide  and  the  muriatic 
acid  on  each  other,  the  oi^gen  united  with  the  acid  is  sudd^ufy 
disengaged  and  assumes  tne  gaseous  form.* 

The  property  which  oxygenized  muriatic  acid  has  of  being 
decomposed  by  oxide  of  silver,  so  that  the  oxygen  becomes 
free,  will  probabiv  put  it  in  our  power  to  form  several  other  oxy- 
genized acids  with  facility.  Thus  with  oxygenized  muriatic  acid 
and  a  solution  of  fluate  of  silver,  we  may  expect  to  obtain  oxyge- 
nized fluoric  acid. 

In  oxygenized  muriatic  acid,  the  hydrogen  and  oxygen  are  in 
the  proportions  rec^uisite  for  forming  water. 

Such  are  the  principal  results  which  I  have  hitherto  observed. 
They  make  us  acquainted  with  a  new  class  of  bodies,  which  will, 
perhaps,  be  numerous  in  species.  We  must  find  them  oat, 
ascertain  their  properties,  examine  the  different  circumstances  in 
which  they  are  susceptible  of  being  formed,  we  must  see  whether 
other  bodies  as  well  as  acids  be  not  capable  of  combining  with 
oxygen.  Thus  a  laborious  series  of  experiments  is  chalked  out, 
the  parts  of  which  I  propose  to  present  to  the  Academy  in  pro- 
portion as  I  ascertain  them. 

Since  these  observations  were  read,  I  have  satisfied  myself 
that  by  the  process  pointed  out  for  obtaining  oxygenized  fluoric 
acid,  not  only  this  acid  may  be  obtained,  but  likewise  oxygenized 
sulphuric  acid.  Indeed  it  will  be  easy  to  obtain  in  that  way  aU 
the  acids  susceptible  of  being  oxygenized. 

Oxygenized  nuoric  acid  does  not  let  go  its  oxygen  at  a  boiling 
4;emperature ;  but  oxygenized  sulphuric  acid  lets  it  go  easily. 

I  nave  ascertained  &ewise  that  oxygenized  nitric  and  muriatic 
acids  may  be  combined  with  new  doses  of  oxygen.  Probal^. 
the  other  acids  are  in  the  same  case.  To  obtain  these  sew  coiih^ 
pounds,  it  is  sufficient  to  treat  the  oxygenized  acid  with  tht 
deutoxide  of  barium,  as  above  described ;  for  example,  to  super- 
oxygenize  oxygenized  muriatic  acid,  this  acid  is  saturated  with 
deutoxide  of  barium.    The  barytes  is  precipitated  by  sulphuric 

*  The  discovery  of  this  new  compoand  seems  fo  set  the  controversy  respecti^ 
the  nature  of  cMnrint  at  rest.  Prof.  Beraelius,  and  those  other  geDtlemeD  who 
maintain  the  old  dertrine,  will  now  be  able  to  satisfy  themselves  tl»t  chloc^ne  and 
oxygenized  muriatic  acid  ure  two  distinct  substances.— T. 
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acid,  and  the  liquor  is  decanted  off.  It  will  be  found  to  contain 
all  tlie  oxygen  coming  from  the  two  portions  of  deutoxide  of 
barium  on  imch  the  operation  was  pertonned. 

It  is  worthy  of  remark,  that  the  same  acid  may  be  oxygenized 
seyeral  times  repeatedly  by  the  same  process.,  I  have  oxyge- 
nized it  as  often  as  seven  times. 

Do  these  sorts  of  combinations  take  place  in  definite  or 
indefinite  proportions?  This  must  be  ascertained  by  future 
experiments. 

J3e  this  as  it  may,  when  an  excess  of  barytes  water  is  poured 
into  oxygenized  nimc  or  muriatic  acid,  or  into  these  acids  super- 
oxygenized,  a  crystaUine  precipitate  of  deutoxide  of  barium  falls. 
Tius  precipitate  is  very  abundant ;  it  has  the  form  of  pearly 
scales,  and  is  but  little  soluble  in  water.  This  U(]|^uid,  at  the  tem- 
perature of  60°,  decomposes  it,  and  converts  it  mto  oxygen  gas 
and  barytes,  or  protoxiae  of  barium. 

Strontian  ana  lime  are  susceptible  of  being  superoxyeenized, 
as  well  as  baiytes,  by  the  superoxygenized  acids.  The  hydrate 
of  deutoxide  of  strontian  resembles  considerably  that  of  barium: 
that  of  lime  is  in  finer  plates. 

Probably  by  the  saijne  method  I  shall  be  able  to  oxygenize  the 
earths,  or,  at  least,  some  of  them ;  and  I  shall  be  able  to  super- 
oxydize  a  great  many  metallic  oxides.  To  accomplish  this,  I 
propose  to  put  an  excess  of  base  with  the  acid,  or  to  dissolve 
the  base  in  the  acid,  and  then  to  precipitate  it  by  potash ;  or  I 
shall  put  the  oxygenized  muriates  in  contact  with  oxide  of  silver, 
which,  seizing  on  the  muriatic  acid,  will,  in  that  way,  favour  the 
combinatioa  of  the  oxygen  with  the  oxide  which  it  is  wished  to 
superoxygenize. 


Article  II. 

New  Experiments  on  the  Oocygefuzed  Acids  and  Oxides.* 

By  M.  L.  J.  Thenard. 

I  ANNOUNCED  in  my  preceding  observations,  that  muriatic, 
nitric  acids,  8cc.  were  susceptible  of  being  oxygenated  several 
times.  It  was  of  importance  to  be  able  to  determine  the  quan- 
tity of  oxygen  which  they  were  capable  of  taking  up.  Tnis  I 
have  done  with  regard  to  muriatic  acid,  as  I  shall  state  briefly. 
I  took  liquid  muriatic  acid  of  such  a  degree  of  strength  that 
when  confined  with  barytes,  a  solution  was  produced,  which, 
when  slightly  evaporated,  deposited  crystals  of  muriate  of 
barytes.  I  saturated  this  acid  with  deutoxide  of  barium  reduced 
into  a  soft  paste  by  water  and  trituration.  I  then  precipitated 
the  barytes  from  the  Uquid  by  adding  the  requisite  quantity  of 

•  Tranilated  from  the  Ann.  de  Chim.  et  Phys.  ix.  51.    (Sept.  IBIH.") 
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sulphuric  acid*  T  then  took  the  oxygenized  muriati<^  acid  and 
treated  it  with  deutoxide  of  barium  and  sulphuric  acid  to  oxyge- 
nize it  anew.  In  this  way  I  charged  it  with  oxygen  as  often  as 
16  times.  This  process  is  conducted  the  first  five  or  six  times 
without  the  evolution  of  oxygen  gas ;  especially  if  the  muriatic 
acid  be  not  completely  saturated,  and  if  the  muriate  be  poured 
into  the  sulphuric  acid ;  but  beyond  that  point  it  is  difficult  not 
to  lose  a  Urtle  oxygen.  However,  the  greatest  part  of  this  gas 
remains  united  to  the  acid.  In  this  way  I  obtained  an  acid 
which  contained  32  times  its  voliune  of  oxygen  at  the  temper- 
ature of  68°  Fahr.  and  under  a  pressure  of  29*922  inches  of 
mercury ;  and  only  4-J-  times  its  volume  of  muriatic  acid ;  that  iB 
to  say,  that  the  volume  of  oxygen  being  seven,  tfiat  of  the 
muriatic  acid  was  only  one.* 

Although  the  oxygenized  muriatic  acid,  prepared  111  the  way 
just  descnbed,  contains  a'^at  quantity  of  oxygen,  it  is  not  yet 
saturated  with  it,  being  still  capable  of  receiving  a  new  portion. 
But  to  make  it  absorb  the  gas  with  facility,  we  must  adopt  a 
new  method.  This  method  consists  in  putting  the  oxygenized 
muriatic  acid  in  contact  with  the  sulphate  of  silver,  jf^ere  is 
immediately  formed  insoluble  chloride'  of  silver  and  oxygeniied 
Sulphuric  acid,  which  is  very  soluble.  When  this  last  is  sej^ 
rated  by  the  filter,  muriatic  acid  is  added,  but  in  smaHer  qxzanti!^ 
than  wnat  existed  in  the  oxygenized  muriatic  acid  employed  ^ 
first.  A  quantity  of  barytes,  just  sufficient  to  precipitate  tiie 
sulphuric  acid,  is  then  added.  Instantly  the  oxygen  leaving  the 
sulphuric  acid  to  nnite  with  the  muriatic  acid  brings  that  acid  to 
the  highest  point  of  oxygenation.  Thus  we  see  that  we  can 
transfer  the  whole  of  the  oxygen  from  one  of  these  acids  to  th6 
other ;  and  on  a  little  reflection,  it  will  be  evident  that  to  obtain 
sulphuric  acid  in  the  highest  degree  of  oxygenation,  it  will  be 
merely  necessary  to  pour  barytes  water  into  oxygenized  sulphuric 
acid  so  as  to  precipitate  only  a  part  of  the  acid.  All  these 
operations,  with  a  httle  practice,  may  be  performed  without  the 
least  difficulty. 

By  combining  the  two  methods  just  described,  I  can  obtain 
oxygenized  munatic  acid  containing  nearly  16  times  as  many 
vommes  of  oxygen  as  of  muriatic  acid.f  It  was  so  weak,  that 
from  one  volume  of  acid  I  could  only  extract  3*  63  volumes  of 
oxygen  gas  imder  a  pressure  of  29*922  inches  of  mercury,  and 
at  the  temperature  of  65*3°. 

Oxygemzed  muriatic  acid  exhibited  several  new  phenomena 
to  me,  worthy  of  being  related. 

When  recently  prepared,  it  does  not  disengage  any  air  bubbles 
when  filtered ;  but  soon  after  we  perceive  very  small  bubbles 

•  Such  an  mcid  must  be  composed  of  1  atom  muriatic  acid  and  28  atom 
oxygen  !— T. 

f  Such  acid  must  be  a  compound  of  1  atom  muriatic  acid  and 
oxygen  i— T. 


1819.]  the  Oxygemztd  Adds  and  Oxides.  '  7 

make  their  appearance  at  the  bottom  of  the  vessel,  ascend,  and 
burst  at  the  soriace  of  the  Uquid.  This  even  happens  when  the 
acid  is  ooly  once  oxygenized.  Suspecting  that  this  slow  decom- 
positioii  might  proceed  from  the  action  of  light,  I  filled  almost 
completely  a  small  flagon  with  acid,  and  after  corking  it,  turned 
it  upside  down,  and  placed  it  in  a  dark  place.  After  some  hoiurs, 
an  explosion  took  place.  The  acid  contained  more  than  30 
times  its  volume ;  yet  when  this  same  acid  was  put  under  the 
exhausted  receiver  of  an  air-pump,  it  allowed  but  a  small  quan- 
tity of  the  gas  which  it  contained  to  be  disengaged. 

Uitherto  I  had  imagined  that  the  whole  of  the  oxygen  was 
disengaged  from  the  muriatic  acid  at  a  temperature  below  ebul- 
lition; but  this  is  not  the  case.  After  boiling  oxygenized  muriatic 
acid  for  half  an  hour,  I  still  found  oxygen  m  it. 
.  It  is  by  means  of  the  oxide  of  silver  that  we  can  demonstrate 
the  presence  of  oxyeen  in  oxygenized  muriatic  acid  which  has 
been  boiled.  Scarcely  does  it  come  in  contact  with  it  but  oxygen 
is  suddenly  disengaged.  This  oxide  enables  us  to  determine 
with  fieunlity  the  quantity  of  oxygen  contained  in  oxygenized 
muriatic  acid.  The  analysis  requires  only  a  few  minutes.  Take 
&  graduated  glass  tube,  ful  it  almost  entirely  with  mercury,  pour 
into  it  a  determinate  volume  of  acid,  fill  the  tube  completely 
with  meccury,  and  turn  it  upside  down  in  the  mercurial  trough. 
Let  np  into  the  acid  an  excess  of  oxide  of  silver  suspended  in 
waster.  Immediately  we  see  disengaged,  and  may  read  off  on 
the  tube,  the  quantity  of  oxygen  contained  in  the  acid.  We  can 
estimate  the  quantity  of  chlorine ;  and,  of  conseauence,  the 
muriatic  acid,  by  decomposing  a  part  of  the  acid  itself  by  means 
of  nitrate  of  silver** 

The  disengagement  of  oxygen  from  the  oxygenized  muriatic 
acid  is  so  rapid,  that  it  would  be  dangerous  to  operate  upon  a 
weak  acid,  which  contained  26  or  30  volumes  of  oxygen.  The 
tube  would  probably  escape  from  the  hands  of  the  operator,  or 
would  break.  Accordingly  nothing  can  equal  the  efiervescence 
which  takes  place  when  we  plunge  a  tube  containing  oxide  of 
silver  and  agitate  it  in  some  grammes  of  the  acid  of  which  we 
have  just  spoken.  As  that  acid  is  immediately  destroyed,  the 
o^gen  is  restored  to  its  liberty,  and  escapes  with  violence, 
dnvmg  the  Uquid  before  it. 

When  the  most  oxygenized  muriatic  acid  is  poured  upon  the 
sulphate,  the  nitrate,  or  the  fluate  of  silver,  no  effervescence 
takes  p}ace.  All  the  oxygen  unites  with  the  acid  of  the  salt, 
while  the  muriatic  acid  forms  with  the  oxide  of  silver  water  and 
a  chloride. 

I  have  aheady  made  several  attempts  to  ascertain  if  the 
oxygenized  acids  be  capable  of  taking  up  so  much  the  more 

«  Having  just  obserred  that  in  this  experiment  there  is  a  portion  of  the  oxygen 
of  the  oxide  of  silver  disengaged,  it  is  obvious  that  we  must  taiie  aa  accoxxuVotVYCxs 
4|«aotity  to  get  8D  accurate  reanlt.    See  next  paper. 
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oxyjgen  the  more  real  acid  they  contain  ;  or  whether  the  water 
by  its  <]^uantity  has  not  an  influence  on  the  greater  or  smaller 
o^l^gemzement  of  the  acid.  My  essays  have  not  yet  enabled 
me  to  answer  that  question. 

I  have  attempted^  likewise^  without  any  decisive  success,  to 
oxygenate  magnesia  and  alumina ;  but  I  have  succeeded  in 
Buperoir^genating  several  other  oxides ;  namely,  oxide  of  zinc, 
oxide  of  copper,  oxide  of  nickel.  We  should  not  succeed,  or, 
at  least,  we  snould  succeed  very  imperfectly,  if  we  satisfied  our* 
selves  with  adding  oxygenized  acid  to  the, saline  solutions  of 
these  three  metals  and  precipitating  the  Uquid  by  potash. 

It  is  necessary  to  dissolve  the  oxides  of  these  metals  in  oxyge< 
nized  muriatic  acid  three  or  four  times,  and  to  decompose  ue 
oxygenized  muriate  by  potash  or  soda,  taking  care  to  add  but  a 
0maU  excess  of  these  bodies.  The  preparation  of  superoxide  of 
copper  requires  an  additional  precaution;  namely,  to  put  the 
deutoxide  of  copper  into-  oxygenized  muriatic  acid  in  portions ; 
80  that  the  acid  shall  always  be  in  excess.  If  the  oxide  predo- 
minates, the  greater  part  of  the  oxygen  is  disei^gaged.  In  aU 
cases  the  oxide  is  precipitated  in  a  gelatinous  mass,  or  in  the 
state  of  a  hydrate.  Tnat  of  zinc  is  yellowish ;  that  of  copper 
oUve-green ;  and  that  of  nickel,  dirty,  dark  apple-green.  The 
first  two  allow  a  portion  of  Ui^ir  oxygen  to  be  aisengaged  at  the 
ordinary  temperature.  When  they  are  boiled  in  water,  the 
disengagement  is  still  more  abundant ;  but  they  do  not  give  out 
(especicSly  the  superoxide  of  zinc)  all  the  03^gen  which  they  have 
absorbed;  for  when  we  dissolve  them  afterwards  in  muriatie 
acid,  and  heat  the  Uquid,  we  obtain  a  new  quantity  of  gas.  The 
oxide  of  nickel  is  decomposed  Ukewise  at  the  boiling  tempera- 
ture, and  its  decomposition  begins  even  below  that  point.  When 
ireated  with  muriatic  acid,  it  is  dissolved  Uke  the  oxides  of  zinc 
and  copper,  and  is  disosn^genated  by  heat  without  the  evolution 
of  chlorme.  We  may  add  Ukewise  that  these  different  oxyge- 
nated hydrates  recover  the  colours  which  characterize  the  ordi- 
nary oxides  after  they  have  been  boiled  in  water.  Thus  the 
hymrate  of  zinc  passes  firom  yellow  to  white,  that  of  copper  firom 
ouve-green  to  dark  brown.  M.  Rothoff,  a  Swedish  chemist,.had 
alreaity  observed  that  the  deutoxide  of  nickel  is  decomposed  by 
desiccation. 

These  new  hydrates  resemble,  as  we  see,  those  of  baijtes, 
strontian,  and  hme,  and  form  a  class  analogous  to  that  of  (bd 
oxygenized  acids.    I  shall  probably  discover  more  of  them. 
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Article  III. 

Fifth  Series  of  Observations  on  the  Oxygenized  Acids  and  Oxides.* 
Bjr  M.  Thenard.  (Read  to  the  Academy  of  Sciences  Oct.  6, 
1818.) 

The  facts,  of  which  this  series  of  observations  consist,  are  so  - 
remarkable  Uiat  they  will  probably  excite  some  surprize  in  the 
mostdistingaished  chemists.     I  snail  state  them  as  concisely  as 
possible. 

1.  Oxygenized  nitric  and  muriatic  acids  dissolve  the  hydrate 
of  the  deutoxide  of  mercury  without  effervescence ;  but  if  we 
afterwards  pour  an  excess  of  alkali  into  the  solution,  much 
oxygen  is  disengaged,  and  the  oxide  of  mercury,  which  reappears 
at  first  with  a  yellow  colour,  is  speedily  reduced. 

2.  .This  hydrate  is  reduced  equally  when  placed  in  contact 
with  the  oxygenized  nitrate,  or  muriate  of  potash.  We  see  it 
pass  from  yeuow  to  grey,  while,  at  the  same  time,  much  oxygen 
as  disengaiged. 

3.  Oxidfe  of  gold  extracted  from  the  muriate  by  means  of 
barytes,  and  containing  a  little  of  that  base  which  gave  it  a 
ereenish  tint,  was  put,  while  in  a  gelatinous  state,  into  oxyge- 
Dized  muriatic  acid.  A  strong  effervescence  immediately  took 
]^ace,  owing  to  the  disengagement  of  oxygen.  The  oxide  became 
purple,  and  soon  after  was  completely  reduced. 

4.  Oxygenized  sulphuric,  nitric,  and  phosphoric  acids  make 
the  oxide  of  gold  become  at  first  purple,  as  well  as  oi^genized 
muriatic  acid ;  but  the  oxide,  instead  of  assuming  afterwards 
the  aspect  of  gold  precipitated  by  the  sidphate  of  iron,  becomes 
dark  brown.  These  experiments  seem  to  tend  to  show  the 
existence  of  a  purple  oxide  of  gold. 

5.  When  oxygenized  nitric  acid  is  poured  upon  oxide  of  * 
silver^  a  strong  effervescence  takes  place,  owing  entirely  to  the 
disengagement  of  oxygen,  as  in  the  preceding  cases.  One 
portion  of  the  oxide  of  silver  is  dissolved,  the  other  is  reduced  at 
first,  and  then  dissolves  likewise,  provided  the  quantity  of  acid 
be  sufiicient.  The  solution  bein^  completed,  if  we  add  potash 
to  it  by  httle  and  Uttle,  a  new  enervescence  takes  place,  and  a 
dark  violet  precipitate  falls ;  at  least,  this  is  always  the  colour  of 
the  first  deposite.  This  deposite  is  insoluble  in  ammonia,  and, 
according  to  all  appearance,  is  a  protoxide  of  silver,  similar  to 
what  an  EngUsh  chemist  has  observed  while  examining  the  action 
of  ammonia  on  oxide  of  silver. 

6.  Oxygenized  sulphuric  and  phosphoric  acids  Ukewise 
partially  reduce  the  oxide  of  silver,  occasioning  a  strong  effer- 
vescence. 

f  Tnuulatedfron  tbe  Aon*  de  Cbim.  et  Pby«.  \x.  9W 
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7.  I  have  already  spoken  of  the  action  of  oxide  of  silver  on 
oxygenized  muriatic  acid,  and  I  stated  that  these  bodies  by  their 
mutual  action  produced  water,  the  disengagement  of  oxygen 
jpsis,  and  the  chloride  of  silver.  But  this  chloride  is  violet.  Now 
violet  chloride,  in  what  manner  soever  it  is  produced,  leaves 
always  a  metalUc  residue  when  treated  with  ammonia — a  pheno- 
menon, which  Gay-Lussac  observed  respecting  the  white  ciilo- 
|ide  rendered  violet  by  the  action  of  light.  It  follows  from  this, 
that  when  oxygenized  muriatic  acid  is  treated  with  oxide  of 
silver,  a  small  part  of  the  oxygen  disengaged  comes  from  the 
oxide  itself.  Consequently  to  determine,  by  the  process,  which 
I  pointed  out  in  the  last  paper,  the  quantity  of  oxygen  m  oxyge- 
nized muriatic  acid  by  means  of  oxide  of  silver,  we  must  take 
an  account  of  the  oxygen  proceeding  from  that  portion  of  oxide. 
To  do  this  we  must  make  a  second  experiment,  in  which  we 
collect  the  chloride  of  silver,  produced  and  mixed  with  oxide  of 
silver.  This  mixture  is  treated  with  ammonia,  and  we  obtain  as  a 
residue  the  portion  of  the  metal  that  had  been  reduced.    The 

auantity  of  this  residue  makes  us  immediately  acquainted  with 
lie  quantity  of  oxygen  wanted. 
I  shall  remark,  with  respect  to  the  violet  chloride  of  silver,  that 
it  probably  corresponds  with  the  protoxide  of  silver. 

8.  As  soon  as  we  plunge  a  tube  containing  oxide  of  silver 
into  a  solution  of  oxygenized  nitrate  of  potash,  a  violent  effer- 
vescence takes  place,  the  oxide  is  reduced,  the  silver  precipitates^ 
the  whole  oxygen  of  the  oxygenized  nitrate  is  disengaged  at  the 
same  time  with  that  of  the  oxide ;  and  the  solution,  which  con- 
tains merely  common  nil^ate  of  potash,  remains  neutral,  if  it  was 
so  at  first. 

9.  Oxide  of  silver  produces  the  same  effects  upon  oxygenized 
muriate  of  potash  as  upon  the  oxygenized  nitrate. 

10.  If  silver  in  a  state  of  extreme  division  be  put  into  the 
oxygenized  nitrate,  or  muriate  of  potash,  the  whole  oxygen  of 
die  salt  is  immediately  disengaged.  The  silver  is  not  attacked, 
and  the  salt  remains  neutral  as  before.  The  action  is  less  lively 
(indeed  much  less  Uvely)  if  the  metal  be  in  a  less  divided  state. 
in  all  cases  the  action  is  less  violent  in  the  muriate  than  the 
nitrate. 

11.  Silver  is  not  the  only  metal  capable  of  separating  the 
oxygen  of  the  oxygenized  nitrate  and  muriate  of  potash,  iron, 
zinc,  copper,  bismuth,  lead,  platinum,  possess  Ukewise  tins  pro- 
perty. Iron  and  zinc  are  oxydized,  and,  at  the  same  time, 
occasion  the  evolution  of  oxygen.  The  others  ^e  not  sensibly 
oxydized.    They  were  all  employed  in  the  state  of  filings. 

J  tried  likewise  the  action  of  gold  and  of  tin.  These  metals 
do  not  act  sensibly  on  the  neutral  solutions,  or,  at  most,  only  a 
few  bubbles  are  disengaged  at  intervals. 

12.  Several  oxides,  besides  those  of  silver  and  mercury,  are 
capable  of  decomposing  the  oxygenized  nitrate  and  muriate  of 
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potash.  I  shall  mention  in  particular  the  peroxide  of  manga- 
nese and  that  of  lead.  Only  a  small  quantity  of  these  oxides, in 
powder  is  necessary  to  drive  the  whole  of  the  oxygen  from  the 
saline  solution.  The  effervescence  is  lively.  I  believe  that  the 
peroxide  of  manganese  does  not  undergo  any  alteration.  It  is 
possible  that  the  peroxide  of  lead  may  be  reduced  to  a  less 
degree  of  oxidation. 

13.  It  is  known  that  nitric  acid  has  no  action  on  the  peroxide 
or  man^nese  and  of  lead ;  but  this  is  not  the  case  with  oxyge* 
nized  mtric  acid.  It  dissolves  both  of  them  with  the  greatest 
focihty.  The  solution  is  accompanied  by  a  great  disengagement 
of  oxygen  gas.  Potash  produces  in  the  manganese  solution  a 
blacky  flocky  precipitate  ;  and  in  that  of  lead,  a  brick  coloured 
precipitate.  This  last  is  less  oxydized  than  peroxide  of  lead ;  for 
when  treated  with  nitric  acid,  we  obtain  nitrate  of  lead  and  a  flea 
coloured  residuum.  At  the  instant  of  the  addition  of  the  potash 
there  is  a  strong  effervescence. 

14.  Hie  oxygetiized  sulphates,  phosphates,  andfluates,  exhibit 
the  same  phenomena  with  the  oxide  of  silver,  with  silver,  and 
probably  with  other  bodies,  as  the  oxygenized  nitrate  and 
muriate  of  potash.  The  greater  number  of  tne  oxygenized  alka- 
line salts  possess  the  same  properties  as  the  oxygenized  salts  of 
potash. 

What  is  the  cause  of  the  phenomena  which  we  have'  just 
stated  ?  This  is  a  question  which  we  must  endeavotir  hereailer 
to  resolve. 

For  this  purpose,  let  us  recall  the  phenomena  which  oxide  of 
silver  and  silver  exhibit  with  the  neutral  oxygenized  nitrate  of 
potash.  Silver  in  a  fine  powder  rapidly  disengages  the  oxygen 
of  this  salt.  It  undergoes  no  alteration,  and  the  oxygenized 
nitrate  is  reduced  to  the  state  of  simple  nitrate. 

The  oxide  of  silver  disengages  still  more  rapidly  than  silver 
the  oxygen  of  the  oxygenized  nitrate.  It  is  itself  decomposed ; 
it  is  reduced ;  the  silver  is  totally  precipitated  ;  and  we  find  in 
the  liquid  only  common  neutral  nitrate  of  potash.  Now  in  these 
decompositions  the  chemical  action  is  evidently  null.  We  must, 
therefore,  ascribe  them  to  a  physical  cause ;  but  they  depend 
neither  upon  heat  nor  upon  Ught.  Hence  it  follows,  that  they 
are  probably  owing  to  electricity.  I  shall  endeavour  to  ascertain 
this  point  in  a  positive  manner.  I  shall  endeavour  to  ascertain 
likewise  whether  the  cause,  be  it  what  it  may,  cannot  be  pro- 
duced by  the  contact  of  two  liquids  and  even  of  two  gases. 
From  this,  perhaps,  will  be  derived  the  explanation  of  a  great 
variety  of  phenomena. 
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Article  IV. 

,;i|b  «Ac  FhenK^meva   of  Sanguification,  and  on  the  Blood  in 

general.    By  VV.  Prout,  M,D. 

KrPART  of  the  following  paper  has  already  been  laid  before  the 
blioy  under  the  title  of  an  ^'  Inquiry  into  the  Origin  and 
operties  of  the  Blood  :  "  as,  however,  it  was  never  completed, 
and  as  the  work  in  which  it  appeared  had  a  very  limited  curcula- 
tion,  the  author  has  been  induced  to  correct  and  republish  the 
whole  in  a  condensed  and  somewhat  different  form.] 

The  object  of  the  present  essay  is  to  give  a  summary  and 
connectea  view  of  what  is  known  respecting  the  phenomena 
and  intimate  nature  of  sanguification.  For  a  considerable  propor- 
tion of  the  facts,  I  am,  of  course,  indebted  to  others ;  but  1 
flatter  myself  that  my  readers  will  readily  excuse  the  introduction 
of  these,  on  reflectmg  that  the  assistance  of  what  is  known  is 
necessary  to  the  further  extension  of  knowledge,  and  to  enable 
us  to  amve  at  the  unknown. 

Perhaps,  it  may  faciUtate  the  perusal  of  these  pag;es  to  premise, 
in  general  terms,  the  opinion  which  my  observations  nave  led 
me  to  form  respecting  tne  development  and  nature  of  the  blood, 
the  arrangement  of  the  subject  being  chiefly  founded  upon  that 
opinion.  My  notion  is  then  that  tiie  blood  begins  to  be  formed, 
or  developed  from  the  food,  in  all  its  parts  from  the  first  moment 
of  its  entrance  into  the  duodenum,  or  even,  perhaps,  from  the 
first  moment  of  digestion,  and  jthat  it  gradually  becomes  more 
and  more  perfect  as  it  jpasses  through  the  different  stages  to 
which  it  is  subjected,  till  its  formation  be  completed  in  the  san 
guiferous  tubes,  when  it  represents  an  aqueous  solution  of  the 

Cincipal  textures  and  other  parts  of  the  animal  body  to  which  it 
longs. 

The  chief  in^edients  in  the  blood  are  albumen,  Jibrin,  and 
the,  colouring  principle,  which  may  be  supposed  to  represent  the 
comfnon  cellular  texture,  the  muscular  texture,  and  the  nervous 
texture,*  respectively.  These  different  principles  are  so  neaily 
aUied  to  one  another  in  their  chemical  prop(3rties,  that  Berzelius 
has  given  them  the  general  name  of  albuminous  contents  of  the 
blood — a  term  which,  for  the  sake  of  convenience,  we  shall  adopt 
in  the  foUowing  inquiry. 

The  principal  distinct  stages  in  the  formation  of  blood  in  all 
the  more  perfect  animals  are  digestion,  chymification,  chylificO' 
tion,  and  sanguification,  usually  so  called  ;  the  first  process  being 

«  I  by  BO  means  wish  to  be  understood  to  assert  that  the  red  particles  of  the 
blood  are  destined  t<»  form  the  cerebral  and  nervous  substances  of  animal  bodies, 
I  tielieve,  however,  that  they  are  more  intimately  connected  with  the  nervous  fnnc* 
tioD  than  any  other  ingredient  of  the  blood,  as  I  shall  attempt  to  show  hereafter* 
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confined  to  the  stomach,  the  second  to  the  duodenmn,  the  third 
to  the  lacteals,  and  the  fourth  to  the  blood  vessels. 

The  properties  of  chyme^  chyle^  and  hloodj  the  residts  of  these 
processes,  appear  to  run  gradually  and  imperceptibly  into  one 
another,  ana  hence,  perhaps,  they  can  haroly  be  considered  as 
distinct  and  well  defined  steps  in  the  general  process  of  sanguifi- 
cation. As,  however,  the  vessels,  or  organs,  in  which  they  take 
place  are  perfectly  distinct,  it  becomes  a  matter  of  convenience 
to  consider  the  processes  themselves  as  distinct  also.  I  shaO^ 
therefore,  first  consider  the  important  function  of  digestion. 

Phenomena^  S^c.  of  Digestion  in  a  R4ibbit. — A  rabbit  which 
had  been  kept  without  food  for  12  hours  was  fed  upon  a  mixture 
of  bran  and  oats.  About  two  hours  afterwards,  it  was  killed, 
uid  examined  immediately  whUe  stiU  warm ;  when  the  following 
circumstances  were  noticed: — ^The  stomach  was  moderately 
distended,  with  a  pulpy  mass,  which  consisted  of  the  food  in  a 
minute  state  of  division,  and  so  intimately  mixed,  that  the  difier- 
ent  articles  of  which  it  was  composed  could  be  barely  recognized. 
The  digestive  process,  however,  did  not  appear  to  have  taken 
place  equally  throughout  the  mass,  but  seemed  to  be  confined 
principally  to  the  superficies,  or  where  it  was  in  contact  with 
the  stomach.  The  smell  of  ihis  mass  was  pecuUar,  and  difficult 
to  be  described.  It  might  be  denominated  fatuous  and  disagree- 
able. On  being  wrapped  up  in  a  piece  of  linen  and  subjected  to 
moderate  pressure,  it  yielded  upwards  of  half  a  fluid  ounce  of 
an  opaque,  reddish-brown  fluid,  which  instantly  reddened  Utmus 
paper  very  strongly,  though  not  permanently,  as  upon  being 
dned,  or  even  exposed  to  the  air  for  a  short  time,  the  blue  colour 
was  restored.f  It  instantly  coagulated  milk,  and,  moreover, 
seemed  to  possess  the  property  of  redissolving  the  curd,  and 
converting  it  into  a  fluid,  very  similar  to  itself  in  appearance.  'It 
was  not  coagulated  by  heat,  or  acids  ;  and,  in  short,  did  not 
exhibit  any  evidence  of  an  albuminous  principle.  On  being 
evaporated  to  dryness,  and  burned,  it  yielded  very  copious  traces 
of  an  alkaline  muriate,  with  slight  traces  of  an  alkaline  phosphate 
and  sulphate ;  also  of  various  earthy  salts,  as  the  sulphate,  phos- 
phate, and  carbonate  of  Ume. 

Very  similar  phenomena  were  observed  in  other  instances. 
The  contents  or  the  stomach  uniformly  reddened  litmus  paper, 
and,  in  general,  coagulated  milk  (except  in  one  instance,  in 
which  the  animal  had  lately  died,  apparently  from  some  injury  of 
the  stomach,  which  was  quite  crammed  with  food),  when  the 
property  of  acting  upop  milk  was  very  weak,  and  appeared  to  be 

*  I  nse  the  term  cA^e  in  a  sense  somewhat  differeot  from  that  commonly  em- 
ployed, by  limiting  it  to  that  portion  of  thealimentary  matter  found  in  the  duodennra, 
ivliich  has  already,  or  is  about  to  become  albumen,  and  thus  to  constitute  a  part 
of  the  future  blood. 

i  On  looking  at  the  litmus  paper  the  next  day,  I  observed  it  had  again  assumed 
f  deep  red  colour,  which  was  permanent.    This  curious  fact  will  be  noticed  Vi«i«» 
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^either  neutralized  or  destroyed.  In  this  instance  also,  the  xmst 
coat  of  the  stomaoh^  especially  in  the  neighbourhood  of  ^ 
pylorus,  was  dissolved.* 

Phenomena  of  Digestion  in  a  Pigeon.-^The  animal,  which  Was 
the  subject  of  the  present  examination,  was  young,  but  fully 
fledged,  and  had  been  fed  about  two  hours  beK)re  it  was  killed 
upon  a  mixture  of  barley  and  peas.  It  was  opened  and  exa- 
mined immediately  after  death.  In  the  crop  was  a  portion  of 
the  food,  which  was  swollen  and  soft,  but  appeared  to  have 
undergone  no  further  sensible  change  than  what  might  have 
been  expected  from  mere  heat  and  moisture.  This  organ  did  not 
exhibit  any  indications  of  the  presence  of  an  acid.  Tn^  gizzari, 
or  stomach,  contained  com  in  various  states  of  decomposition, 
the  internal  parts  of  some  of  the  seeds  being  reduced  to  a  milky 
pulp,  which  flowed  out  on  their  being  subjected  to  pressure; 

*  Since  the  above  observations  were  pnbllsliedy  Dr.  Wilson  PliiUp  ha«  |;iveo 
anore  extended  account  of  the  phenomena  of  the  digestive  process  ip  this  aniBil; 
an  abstract  of  which  I  sliall  lay  before  my  readers. 

*<The  first  thing"  says  Dr.  P.  **  which  strikes  the  eye  on  inspecting  the  sto- 
machs of  rabbits  w  hich  have  lately  eaten  is,  that  the  new  is  never  mixed  with  the 
old  food.  The  former  is  always  found  in  the  centre  surrounded  on  aU  sides  by  the 
old  food,  except  that  on  the  upper  part  between  the  new  food  and  the  sroaUer  curv- 
ature of  the  stomach,  there  is  sometimes  little  or  no  old  food.  If  the  old  and  the 
new  food  are  of  different  kinds,  and  the  animal  be  killed  after  taking  the  latter, 
«nleti  a  great  length  of  time  has  elapsed  after  taking  it,  the  line  of  separation  is 
perfectly  evident,  so  that  the  old  may  be  removed  without  disturbing  the  new  food* 

*'  If  the  old  and  the  new  food  be  of  the  same  kind,  and  the  animal  is  allowed  to 
livefor  a  considerable  timeaftor  taking  the  latter,  the  gastric  juice  passing  from  the 
old  to  the  new  food,  and  clianging  as  it  pervades  it,  renders  the  line  of  separatimi 
Indistinct ;  but  towards  the  small  curvature  of  the  stomach,  and  still  more  towards 
the  centre  of  the  new  food,  we  find  it,  unless  it  has  been  very  long  in  the  stomacb, 
comparatively  fresh  and  undisturbed.  All  around,  the  nearer  the  food  lies  to  the 
■wrface  of  the  stomach  the  more  it  is  digested.  This  is  true  even  with  regard  to 
the  small  curvature  compared  with  the  food  near  the  centre,  and  the  food  which 
touches  the  surface  of  the  stomach  is  always  more  digested  than  any  otBer  found  in 
the  same  part  of  the  stomach.  But  unless  the  animal  has  not  eaten  for  a  great 
length  of  time,  it  is  in  very  different  stages  in  different  parts  of  the  stomach.  It  is 
least  digested  in  the  small  curvature,  more  in  the  large  one,  and  still  niore  in  the 
middle  of  the  great  curvature. 

**  These  observations  apply  to  (he  cardiac  portion  of  the  stomach.*'  "  The  food  in 
the  pyloric  portion  of  the  stosMurh  of  the  rabbit  is  always  found  in  a  state  very 
difforent  from  that  just  described.  It  is  more  equally  digested,  the  central  parti 
differing  less  in  this  respect  from  those  which  lie  next  the  surface  of  the  stomach.*' 
**  Otie  of  the  most  remarkable  differences  between  the  state  of  the  food  in  the  car- 
diac and  pyloric  portions  of  the  stomach  is,  that  in  the  latter  it  is  comparatively 
dlyf  in  the  former,  mixed  with  a  large  proportion  of  fluid,  particularly  when 
digestion  is  pretty  far  advanced,  and  time  consequently  has  been  given  for  a  consi- 
derable secretion  from  the  stomach.*' 

Thus  continues  Dr.Philip :  ^  It  appears  that  in  proportion  as  the  food  is  digested, 
it  is  moved  along  the  great  curvature,  when  the  change  in  it  is  rendered  more  per- 
fect to  the  pyloric  portion.  The  layer  of  food  lying  next  the  surface  of  the  stomach 
is  first  digested.  In  proportion  as  this  undergoes  the  proper  change,  it  is  moved 
on  by  the  muscular  action  of  the  stomach,  and  that  next  in  turn  succeeds  to  undergo 
the  same  change.  Thus  a  continual  motion  is  going  on ;  th^t  part  of  the  food  which 
lies  next  the  surface  of  the  surface  passing  towards  the  pylorus,  and  the  more  cen- 
tral parts  approaching  the  surface.** 

Dr.  Philip  has  remarked,  that  the  grrat  end  of  the  stomach  is  the  part  most 
usually  found  acted  upon  by  the  digestive  fluids  after  death. 


1819.]  *  4ind  on  the  Blood  in  general.  15 

others  were  reduced  to  a  mere  husk^  while  others  again  were  in 
various  states  between  these  two  extremes.  The  whole  contents 
of  the  stomach  exhibited  decidedly  acid  properties ;  but  the 
litmus  paper  recovered  its  blue  colour  again  almost  instantly 
on  exposure  to  the  air.  They  coagulated  milk  completely,  but 
yielded  no  trace  of  an  albuminous  principle. 

Phenomena  of  Digestion  in  the  Tench  and  Mackerel. — Hie 
contents  of  the  stomach  and  upper  intestines  of  the  tench  were 
examined  immediately  after  deatn.  As,  however,  the  animal  had 
been  previously  kept  for  a  considerable  time  in  an  unnatural 
state,  the  phenomena  observed  were  not  so  satisfactory  as  could 
have  been  wished.  The  contents  of  the  stomach  and  uraer 
portion  of  the  intestines  consisted  of  Utde  more  than  a  yellowish 
glairy  fluid,  which  seemed  to  be  bile ;  and  the  small  portion  of 
alimentary  matter  present  appeared  to  be  unnatural,  and  Uttle 
capable  of  being  acted  upon  by  the  digestive  powers.  No  traces 
of  an  albuminous  principle  were,  therefore,  discoverable,  nor 
indeed  could  be  expected  to  exist  in  the  stomach,  or  the  upper 
portions  of  the  aUmentary  canal.  The  mackerel,  whose  digestive 
organs  were  the  subject  of  examination,  had  just  arrived  from 
the  coast  where  it  haa  been  caught  the  day  before.  The  stomach 
was  nearly  filled  with  a  whitish  grumous  mass,  in  which  the 
undigested  bony  remains  of  some  small  fish  were  distinctly 
visible.  This  mass  very  faintly  reddened  litmus ;  and,  by  the 
assistance  of  heat,  coagulated  milk.  It  underwent  a  sort  of 
partial  coagulation  by  the  acetic  and  other  acids,  especially  when 
heat  was  applied ;  but  no  traces  of  albuminous  matter  could  be 
perceived  m  it. 

Phenomena  of  Chymification. — The  examinations  of  chyme 
have  not  been  numerous.  Dr.  Marcet  has  published  a  brief 
accomit  of  the  chyme  of  the  turkey.  I  have  myself  examined 
the  chymes  of  several  different  animals  :  some  of  the  most  im- 
portant of  these  examinations  I  shall  detail  at  length;  the 
results  of  others  vnll  be  only  mentioned.  In  these  examinations 
my  chief  object  has  been  to  ascertain  if  the  chyme  exhibited  any 
traces  of  the  albuminous  contents  of  the  blood. 

Comparative  Examination  of  the  Contents  of  the  Duodena  of 
two  Dogs,  one  of  which  had  been  fed  on  vegetable  Food,  the  oth^ 
mi  animal  Food  only.* — The  chymous  mass  from  vegetable  food 
(principally  bread)  was  composed  of  a  semifluid,  opaque,  yellow- 
ish white  part,  containing  another  portion  of  a  similar  colour,  but 
firmer  consistence,  mixed  with  it.  Its  specific  gravity  was  1*056. 
It  showed  no  traces  of  a  free  acid,  or  alkali;  but  coagulated  milk 
completely,  when  assisted  by  a  gentle  heat. 

*  For  the  opportDoity.  of  making:  these  examinations,  as  well  as  those  of  the 
chyle  afterwards  related,  1  am  indebted  to  the  kindness  of  Mr.  Astley  Cooper^ 
who,  wishing  to  ascertain  the  properties  of  these  substances,  when  preparing  his 
Icctares  f«r  the  Royal  College  of  Surgeons,  upwards  of  four  years  ago,  obligingly 
furnished  me  with  tbe  materials  for  making  the  requisite  experiment. 

8 
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That  from  animal  food  was  more  thick  and  idscid  Ihaa  ttan 
from  vegetable  food,,  and  its  colour  was  more  indiniBg  to^tei. 
Its  sp.  gr.  was  1*022.  Itshowed.no  traces  of  a  free  acid,-  or 
alkah,  nor  did  it  coagulate  milk  even  wheu  assisted  by  the^wsC 
favourable  circuxnstances.  •^■(^^ 

On  being  subjected  to  analysis,  these  two  specimens  wM 
found  to  consist  of 

Chyme  froBTe*  ChyaefinMi 
getablefood.     animal  food* 

Water...,-. 86-6  ....  80-0i 

Gastric  principle,  united  with  the  aliment- 
ary matters,  and  apparently  constituting 
the  chyme^  mixed  with    excrementitious 

matter 6*0.  •  •  .'•  15*8 

Albuminous  matter,  partly  consisting  of  fibrin, 
derived  from  the  nesh  on  which  me  animal 

had  been  fed » —  .  .i.  •  •     1*3 

Biliary  principle 1*6   ••..     1*7: 

Ve^etaole  gluten ? • • . .  •  •  5*0  • .  ••  .  — ' 

Salme  matters 0*7   .... •    0*7 ,■ 

Insoluble  residuum 0-2  . . ..».,  0*5 


100*0  100*0 

These  results  were  obtdned  as  follows :  ^    /    ^. 

Water. — The  quantity  of  water  present  was  ascert2aiMgid^.]t^ 
evaporating  to  diyness  a  known  weight  of  each  of  the  speqipntos 
upon  a  water-batn . 

Chynums  Principle,  S^c. — ^The  proportion  of  this  was  obtained 
by  adding  acetic  acid  to  a  known  quantity  of  the  mass,  and 
boiUng  them  together  for  some  time.  The  solid  result  thus 
obtained  was  then  collected  and  dried  as  before.  It  coiuuysted 
partly  of  a  precipitate  composed  of  the  digested  alimentary  mat- 
ter apparently  combined  with  the  gastric  principle,'*^  and  pait^ 
of  tmcussolved  and  excrementitious  alimentary  matter.  I  consi- 
dered it,  therefore,  as  the  chyme  in  which  the  albumijioui,^ 
principle  was  not  yet  so  completely  formed,  or  developed,  asJ^Gi  ] 
be  recognized,  mixed  with  excrementitious  matter.  _;,  : 

Albuminous  Matter,  S^c. — Aflter  the  above  had  been  remove^ 
by  filtration,  prussiate  of  potash  was  added  to  the  acetic  solutipnl 
wnich,  in  the  chyme  from  vegetable  Lt;  J,  produced  no  precipi* 
tate,  indicating  the  absence  of  albumen :  but  in  the  chyme  from^ 
animal  food,  a  copious  one.  The  albuminous  matter  present  in.; 
the  latter,  appears  to  have  been  partly  derived  from  th^.fl^sh.on 
which  the  animal  had  been  fed.  .  ^    < ; 

Biliary  Principle.— BoHi  chymes  were  found  to  contain  f 
this  principle.  It  was  separated  by  digesting  alcohol  on  the  dried  ~ 
residuum  of  the  chyme.    This  took  up  the  biliary  principle,.. 

•  The  nature  of  the  gastric  floids,  and  particularly  of  the  gastric  juice,  or  prin* 
ciplf,  will  be  more  fully  considered  in  a  subsequent  part  of  this  paper. 
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which  WW  then  obtained  by  driving  off  the  alcohol.  It  possessed 
all  the  uaoal  properties  of  tnis  principle,  'except  that  it  appeared 
to  be  lesB  eamly  miBciUe  with  water  tnan  in  its  natural  state,  and 
to  approach  more  nearly  to  the  nature  of  a  resin,  or  adipocire, 
chaoses  probably  induced  in  it,  partly  at  least,  by  the  action  of 
the  afcohol. 

Vegetable  Gluten! — The  chyme  from  vegetable  food,  which 
consisted  of  breads  yielded  a  portion  of  a  principle  soluble  in 
acetic  acid,  and  not  precipitable  by  prussiate  of  potash  nor 
ammonia.  Hence  it  was  not  albumen.  It  was  precipitated  by 
solution  of  potash^  and  possessed  some  other  properties  analo- 
gous to  vegetable  gluten. 

Saline  matters. — The  salts  were  obtained  by  incineration,  and 
consisted  chiefly  of  the  muriates,  sulphates,  and  phosphates,  as 
is  usual  in  animal  matters. 

Insoluble .  Residuum. — ^This  consisted  chiefly  in  the  vegetable 
chyme  of  hairs,  8cc.  in  the  animal  chyme>  partly  of  tendinous 
filwefi. 

Such  is  a  brief  account  of  these  two  varieties  of  what  is 
Hsuallv  denominated  chyme,  and  as  connected  with  this  subject, 
I  shall  add  here,  by  way  of  contrast,  a  tabular  view  of  the  pro- 
perties of  the  alimentary  matters  taken  from  different  portions  of 
tiro  other  dogs  which  had  been  similarly  fed.  These  various 
ipecimens  of  alimentary  matters  were  treated  with  the  same 
nnflral  views,  and  consequently  nearly  in  the  same  manner,  as 
one  two  varieties  of  chyme  above  dfescribed,  and  the  results 
were  as  follow : 


TBGETABLE    FOOD. 

1.  Cl^fmous  Mass  from  Duo^ 
denum. 

Composed  of  a  semifluid, 
opaque,  yellowish  white  part, 
Uying  nixed  with  it  another 
portion  of  a  sunilar  colour,  but 
of  firmer  consistence.  Coagu- 
lated milk  completely.  It  con- 
listedof 

A.  Water 86-5 

B.  Chyme,  Sic 60 

C.  Albuminous  matter  ••  — 

D.  Biliary  principle 1*6 

£.  Vegetable  gluten  ?  . .  5*0 

F.  Sahne  matters 0*7 

O.  Insoluble  residuum  •  •  0*2 

100-0 
Vol.  XIII.  IT  L 


ANIMAL    FOOD. 

1.   Chymous  Mass  from  Duo* 
denum. 

More  thick  and  viscid  than 
that  from  vegetable  food,  and 
its  colour  more  inclining.to  red. 
Did  not  coagulate  milk.  Com- 
posed of 


A.  Water 80-0 

B.  Chyme,  8cc 16-8 

C.  Albuminous  matter  • .     1*3 

D.  BiUary  principle l*? 

E.  Vegetable  gluten  ?  . . ,    — 

F.  Sahne  matters 0*7 

G.  Insoluble  residuum  •  •    0*5 

100-0 
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VBbfiTABLE   TOOD* 

2.  From  the  Oecum. 

Of  a  yellowish  brown  colour, 
and  of  a  thick  and  somewhat 
slimy  consistence.  Did  not 
coagqlajte  milk. 

A.  Water,  quantity  not  as- 
certained. 

B.  Cond)ination  of  mucous 
principle,  witibi  altered  alimen- 
tary  matters  insoluble  in  acetic 
acid,  and  constituting  the  chief 
bulk  of  tii€  substance. 

^  C.  Albuminous  matter,  none. 

D.  Biliary  principle,  some- 
what altered  in  quantity,  nearly 
as  abovQ. 

E.  Vegetable  gluten?  none; 
but  contained  a  principle  solu- 
ble in  acetic  acid,  and  precipi- 
tablfi  yery  cppiously  by  oxalate 
of  ammonia. 

F.  Saline. matters,  nearly  as 
above. 

G.  Insoluble  residuum,  in 
sm^  quantity. 

3.  Prom  the  Colon. 

Of  a  Ibrownish  yellow  colour, 
of  the  consistence  of  thin  mus>- 
lard, .  and  full  of  air  bubbles. 
Smell  faintish  and  peculiar, 
somewhat  Uke  raw  dough.  Did 
not  coagulate  milk. 


A.  Water,  quantity  not  as- 
certained. 

B.  Combination  of  mucous 
principle  with  altered  aliment- 
ary matters,  the  latter  in  excess, 
insoluble  in  acetic  aoid,  and 
jconstituting  die  chief  bulk  of 
fhe  substance. 

C.  Albuminous  triatter,  none. 
.  D.  Biliaiy  principle,  nearly 

as  before  in  all  respects. 


;v 


A^iMAx  ■: 

2.  From  the  Cackm. 

Of  a  brown  colour,  and  yeiy 
slimy  consistence.  Smell  veiy 
offensive  and  peculiar.  Coa- 
gulated milk. 

A.  Water,  quantity  not  as- 
certained. 

B.  Combination  of  mucous 
principle,  with  altered  aliment- 
ary matters  insoluble  in  acetic 
acid,  and  constituting  the  chief 
bulk  of  the  substance. 

C.  Albuminous  matter,  a 
distinct  trace. 

D.  BiUarv  principle,  fM>mo- 
what  altered  in  quantity,  nooAf 
as  above.  /^ 

E.  Vegetable  gluten  ?  none  ; 
but  contained  a  principle  solu- 
ble in  acetic  acid,  and  {KC^cipi- 
table  very  copiously,  byx>iqtate 
of  ammoma.  ;    . ,.,  j.^ji*.  t  ^ 

F.  Saline  matters,.  ,||ef(^iui 
above.  -       ,.^,1,^.  -,  „.|; 

G.  Insoluble  residjfMiJn,,;^! 
small  quantity. . 


3.  From  the  Cd/dit*.-^  "^' 

.  ■  • ,      .  •  '         y 

Consisted  of  a  l>F0i^m8h, 
tremidous,  and  mucus-like  pvud 
part,  with  some  whitish  flial^es, 
somewhat  like  coagulated  albu- 
men, suspended  in  it.  SmeU 
faintish,  and  not^  peculiariy 
foetid,  Uke  bile.  Coivgub^ 
milk.  1.  ,.     . 

A.  Water,  quantity .rio^  as- 
certained. 

B.  Combination  of  aU^eiait- 


ary  matter  m  excess,  wi$h,iw- 
cous  principle,  insoluble  'in 
acetic  acid,  and  ponstjif^tiag 
the  chief  bulk  of  the  su^^st^^. 


C.  Albuminous  matter;^  ttoue. 
D*  Biliary  principle,   iie?!jr\v 
d{  hefore  in  all  respects. 


lAm 
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^*  ye^etable  ^uten?  none, 
but  contained  a  prmciple  soluble 
m  iaci^c  add,  and  copiously 
precipitafole  by  oxalate  of  am- 
monia as  in  the  coecum. 

F.  Salts,  nearly  as  above. 


G.  Insoluble  residuum,  less 
than  in  the  ccecum. 


4.  From  the  Rectum. 

Of  a  firm  consistence,  and  of 
an.  olive-brown  colour  inclining 
to  yellow.  Smell  foetid  and 
dfibhsive.    Did  not  coagulate 

milk. 

I         I 

A.  Water,  quantity  not  as- 

teJEteSned. 

'9'i  Oombiaation,  or  mixture 
of  ^tered  alimentary  matters  in 
'^idk 'greater  excess  than  in 
the.colon^  with  some  mucus; 
msolMiIe  in  acetic  acid,  and 
constituting  the  chief  bulk  of 
the&^pes. . 

,.  C.^  Albuminous  matter,  none. 
J. ' ■^JK'^&fi^ary  principle,  partly 
fi^b^i&gl^  to  a  perfect  resin. 


ANIMAL   F^OD« 

£.  Same  as  in  the  ccecum 
above-mentioned. 


,'/i. 


y  ^;B.  y^etable  ^uten  ?  none ; 
biitcoiitamedapnnciple  similar 
to  that  in  the  coecum  and  colon. 

F.  Salts,  nearly  as  before. 

G.  Insoluble  residuum,  con- 
6isting  chiefly  of  vegetable 
fibres  mixed  with  hairs. 


F.  Salts,  nearly  as  above. 
Only  some  traces  of  %m  idkaline 
phosphate  wefe  observed. 

O.  Insoluble  residuum,  a 
flaky  matter  in  veiy  minute 
quantity. 

4.  From  the  Rectum. 

Consisted  of  firm  scybala,  of 
a  dark  brown  colour  mc^nin^ 
to  chocolate.  Smell  very  foetid. 
Milk  was  coa^ated  by  the 
water  in  which  it  had  been 
diffused. 

A.  Water,  quantity  not  as- 
certained. 

B.  Combmation,  or  mixtitt^ 
of  altered  alimentary  matters  in 
mudi  greater  excess  than  in 
either  of  the  other  specimens, 
with  some  mucus  ;  insoluble  in 
acetic  acid,  and  constituting 
the  chief  bulk  of  the  feeces. 

C.  Albuminous matter,none. 

D.  Biliary  principle,  more 
considerable  than  in  the  vege- 
table feeces,  and  almost  entirel(y 
changed  to  a  perfectly  resittous* 
like  substance. 

E.  Vegetable  gluten?  noni); 
butcontamedaprinciple  similar 
to  that  in  the^  coecum  and  coIqb. 

F.  Salts,  nearly  as  before. 

G.  Insoluble  residuum,  ootk^ 
sisting  chiefly  of  hairs. 


Examination  of  the  Contents  of  the  Duodenum  of  the  Qr.*^ 
This  had  been  Kept  for  some  time  before  examination,  and 
appeared  to  contain  an  unusually  large  proportion  of  bile.  Its 
colour  was  greenish,  and  it  was  of  a  ropy  consistence,  ajppc^ 
rently  holding  suspended  in  it  some  solid  matters,  whicfa^  afttr  a 

B  2 
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little  timiey  subsided  tt>  £he '  bblitom.  Xh  tSste  was  hitter/  ifii. 
smell  fiuntirfty  and  soine  what  similar  to  bHe.  '  Stt.::g^rl*02ft^cilt 
fuUuhatediFerjr  Auaiitraseds  of  an  acid^andijcoamlsted^fluikiooii^ 
pletely^  when'-aasisted  by^a  gentle  Jb6ait.;s3iflfri^>itkier«Bne 
method  was  adopted  in  the  analjoBof  tlus^:as  o&tKotf»S9i% 
oimens  before  mentioned,  and  thejtesidtff.were  asjfidiowriCT.'ox; 


.  I.  .  ■  ■     '  .         ■  iiiji- 


; 4,r>  W^tejr.  .•••.... •  • . :  •  •  ♦  •  -•  - •,••  -^  .'f  T9iiJ\ 

^,  B. .  Gastrio  principle,  united  with  alimentaiy  jnattenij  .  j: 
and  appiEur^tly  constituting  the  chyme,  mixed  with  exr  ,  ^;^  -: 
cremenHtious  matter • •,...••#•....•.•.•■.  v3^  h-- 

8, 'Albiioiinous  matter <•   ^^.i.  > 
.  .BUia^y  principle  .,. , /.'.VS- 

E.  Picromel? , . ,  ^IH-  , 

F.  Vegetable  gluten,  or  extract •••f^. 

G.  SaEne  matters «... .^.t « ••  ^rr-^M^^^ 

H.  Insoluble  residuum ^t  *>•  • 

»? 


'.  The  chymons  matter  was  less  in  quantity,  -andt^ilMlMff 

principle  much  greater  in  this  specimen  than  in  any  cff  tbiMlAkmJ 

Ihere  was  also  a  substance  present  (E>  •which  Tt^ffartiiaoHBo^ 

mer omel.    It  was  of  a  brown  colour,  and  gummy  consi^itiiMv 

Taste, « first  bitter,  and  afterwards  sweetish.    ^hMfqiiifwatinfg 

hot  perfectly  instable  in  alcohol.    It  was  obtasdM  ilftoP  ite 

action  of  the  alcohol  by  boiling  the  residtxuni  in  jdiillil)dlb4rallitt^ 

It  was  not  precipitated  by  the  oxymuriate:^H»t6Br9^  t^f^^iA>^ 

jdelely  so  by  the  subacetate  of  lead.    Henoe^it  ap|MiMdKtoflKi 

a  sort  of  altered  mucus,  or  rather^  perhaps;  a  combiantfiwc^ 

mu6us  with  a  Utile  biUaiy  principle,  which  theialcobcitwaflODM^ 

pahle  of  remorin^.  Indeed  so  intimately  doeathe-bilimqpirim^b. 

imite  with  all  ammal  substances' with  which  it  x^cftnes'*  m  mixiimfSf 

Huit:  it  can- scarcely  ever  be  again  entirely  separated  r^.^esiltedu^ 

luble  residuum  (H)  was  chic^  vegetable  fibres;  .,  iiisxueqq/ 

-  >  Examination  of  the  Contents  of  the  Duodena  of  RabUUM'VfiBtLe 

animals  were  the  same  as  those  in  which  the  phdiiomqfti'^isf 

.digestion  above  described  were  observed;  and  t&.>€S|Jqrintei^- 

■for  ascertaining  the  properties  of  the  contents:  of  their -thmfeiiA- 

•  ware  similar  to  those  made  upon  the  duodenal  eontentetjqQitlid^ 

doga  and  ox;    and  need  not,  therefoie^  be  repesdEedw'^f^/IIbit 

dmdenom  of  the  rabbit,  fed  on  a  mixture^of  bran  and  oate|abo90^ 

mentioned,  at  its  commencement,  contained  chiefly  av^jieemste 

yellow  glairy  fluid,  full  of  air  bubbles,  with. a  small  ^rtiodxiniy' 

of.the  insoluble  parts  of  the  food.  This  yielded  decided  eviiiauSB^ 

of  the  existence  of  a.  true  chjnnous  or  albuminoul^prindfilesa'jA' 

littlailoweT'  down  in  the  dvodennm  a  similar  gtauyfltttd^^iKis' 

observed,  but  it  was  more  free  from  air  bubbles,  ana  seeiileitilo- 

-contain  a  kuger  proportion  of  an  albuminous  principle;  Io$MiQVt> 

th^  quantity^  of  albuminous  matter  was  found  to  increase  to  tkr 
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^istfi&tile .  of  ?aWlut  six  inches  frem  the  .^ax%ui,  «fter  which  it 
^wmUlmd;p'mbA.9ti  tbedintaiice  of  24  wehes  fron  the  pyloniB, 
itxivasJMibralirpeiiK^eptihle.  The  contents  of  ihe.  ileum  were  of  a 
gifBiudt  <»ibulv  >aid  oonasted  of  a  ^eater  proportion  of  the 
excrementifidwpflrt  of  die  food  than  me  contents  of  the  duode- 
nmn.  ^  No  traces  of  albuminous  matter  were  found  in  this  portion 
of  ih^  mtestinal  canal.  The  coecum  in  this  animal  is  very  laige, 
and  in  the  preisent  instance  was  nearly  full  of  a  dark  brown  pul- 
taeeous  mass,  of  a  feculent  odour,  and  which  yielded  no  traces 
of  albumen.  The  colon  and  rectum  contained  dry  brown  and 
hard  Bcybala^  apparently  consisting  of  little  more  than  the  inso- 
lut^el'^parts  of  tne  food  and  some  biliary  matter.  None  of  the 
contents  of  the  intestinal  canal,  from  the  pylorus  downwards, 
were  sensibly  acid,  or  alkaUne,  nor  did  they  appear  capable  of 
cogitating  milk. 

Velry  similar  phenomena  were  observed  in  other  instances. 
Bu^^ilf^en  the  animal  was  opened  at  a  longer  period  after 
feeding,  I  generally  found  much  stronger  evidences  of  albumi- 
iMMiilkuitter,  not  only  in  the  duodenum,  but  nearly  throughout 
ib^.lAfA^  of  the  smaJl  intestines.  The  quantity,  howev^,  was 
gatttraUyr^neiiy.n^iovite  in  the  ileum;  and  where  it  enters  the 
cif»mifiy.^no  traces  of  this  principle  could  be  perceived.  The 
0QM8ilim^€)araBces  also  of  t^e  contents  of  the  upper  parts  of 
wtn  floAa  Mte^tMkes  were  always  very  similar  to  tnose  above 
deMaflMdfti'tiat  is  to  say,  they  were  of  a  yellowbh  colour,  and 
ofirA^ii^f^  or  ^iry  consistence,  and  mixed  with  some  insoluble 
aidt^ilMemepalitiouB  matter.  In  the  ileum  in  general  the  colour, 
mftiDilire 'green,  the  consistence  firmer,  and  the  proportion  of 
esorantttCitious  matters  neater.  In  the  coecum  there  was 
altqigwift^gjneat  collection  of  feculent  matter,  which  was  uniformly 
aiouisriiifall  its  properties  to  that  before  described.  The  contents 
o^^jdiie.tCdlon  and  rectum  also  were  precisely  similar  in  theic 
appearances  and  properties  to  those  above-mentioned. 
.  SxamimUioH  of  the  duodenal  Contents  of  the  Pigeon  and 
Tarkqf^f-^^The  pigeon  was  the  same  as  that  employed  in  observ- 
ing! ihe  BhoBOBiena  of  digestion.  Just  at  the  commencement  of 
the  diioaenum  there  were  numerous  air  bubbles  which  exhibited 
thdfijipearapnee  of  having  been  eUcited  by  effervescence  from  the 
cotifents  of  .the  stomach  upon  their  first  entry  into  the  intestine. 
The  colour  of  the  contents  of  this  part  of  the  intestine  was  - 
greenish  yellow,  and  their  consistence  was  thin  and  glairy,  with 
sk;tnixturB>  as  in  the  instance  of  the  other  animals  above-men- 
tu>ned|  of  some  excrementitious  matter.  Near  the  pylorus,  faint 
tffeM^es  only  of  albumen  were  observed ;  but  the  quantity  increased 
to*  about  me  distance  of  six  inches,  and  afterwards  rapidly  dimi- 
nislttd^.tand'at  12  inches  from  the  pylorus,  no  traces  of  this 
piiBciple  were  perceptible;  and  here  the  alimentary  matters 
aiaumed  a  browner  colour  and  firmer  consistence,  and  appeared 
to  be  altogether  excrementitious. 


3B  Dr.  Prottt  on  the  Phmmetia  of  Sanguification,  [/ift. 
,>  The  contents  df  the  d,aodenuin  of  the  ttirlxy  have  V^^ 
Wuniit^  hy  Br.  Sfarcet.  He  dfts«ibeB  iIku  as  yielding  ^^i^^ 
Aant  tnpea  of  ajbumen,  and  states  that  oii  tteins  .bunicd,  the^ 
left  a  sajine  reaiduTua  of  about  >ix  parts  in  a  Aonsanil,  df  .tibi^ 
(wigmaL  mass,  "  amonget  wluch  the  presence  of  iron,  lime,  "^M 
an  allcnjine  muriate  was  clearly  ascertained." 

Examination  of  tht  duodenal  ConteTitB  of  the  Tench  ttni 
Ma«herel. — From  my  being  unable  to  procure  nah  in  theiftnU^nni 
state,  my  examinations  of  these  aninuils  bare  not  been  so  8ali»- 
Atctoiy  as  could  be  desired.  In  the  upper  portion  of  the  ibtei- 
tinal  canal  of  the  tench,  which  had  been  kept,  as  befwe  obs^rred, 
for  some  time  in  an  unnatural  state,  no  traces  of  an  attiumitiow 
principle  could  be  perceived ;  but  lower  down,  where  the  afimelLt- 
ary  matter  was  more  abundant,  I  thoueht  some  traces  of  tlus 
pnnciple  were  perceptible.  In  this  animal,  none  of  the  substances 
ronnd  in  the  canal  were  sensibly  acid,  or  alkaline,  nor  coagulated 
Diitk.  In-  the  mackerel,  the  contents  of  the  duodenum  and  upper 
intestines  very  closely  resembled  those  oi"  the  stomach,  both  in 
their  appearance  and  properties,  except  that  they  were  of  a  more 
glairy  eonaistence,  especially  about  the  .pyloric  cteca,  arid  gaVe 
some  fiiint  indications  of  wnat  I  considered  as  an  albtiiniilbus 
principle. 

Proptrtiei  of  the  Chyle.— I  now  proceed  to  describe,  as  ;rat  ^ 
they  are  known,  the  properties  oi  the  chyle  in  three,  oiffii^nt 
Bta^B  of  its  progress  towards  the  sanguiferous  eystexAVM^^^f 
as  it  exists  in  the  absorbent  vessels,  or  lacteals,  near  uli^'  l^ws^ 
tines,  as  it  exists  in  the  same  vessels  near  the  thoratilb'i^u^^  'a^ 
&a  it  exists  io  the  thoracic  duct  itself.  "  "  '   '"" 

Owin^  to  the  minuteness  of  the  lacteal  vessels,  and  the  cons^^ 
qaent  difficulty  of  collecting  their  contents  in  any  quanti^,  'Sis 
properties  of  tne  chyle,  as  it  exists  immediately  after  it  has'  befli 
4heorbed  from  the  intestines,  are  but  imperfectly  known.  lii 
the  mammalia,  it  is  opai^ue,  and  white  like  milk.  In  bird's  a4d 
fishes,  on  the  contraiy,  it  is  nearly  transparent  and  colourles^. 
The  only  examinations  of  chyle  in  this  state  of  its  formation,  that 
I  am  ac4)uainted  with,  are  those  of  Emmert  and  Reuss,*  which 
were  made  ujpon  the  chyle  of  the  horse.  It  differed  from  perfect 
chyle  taken  rrom  the  thoracic  duot,  in  being  more  white  and 
otMU^e,  in  undergoing  spontaneous  coagulation  much  more 
Blowfy  and  imperfectly,  and  in  not  assuming  a  reddish  colour  on 
exposure  to  the  air :  hence  it  appeared  to  contain  a  very  sraaB 
propration  only  of  a  principle  analogous  to  fibrin,  or,  at  )ea^t, 
this  prioo^le  existed  as  yet  in  a  y^r/imperfect  state,  and  06 
colouring  priadple. 

Chvle  ttom  the  Bublun^bai'  branches  of  horses  has  been  H^ 
mined  by  Eirimerl  and  Reuas,   and  hkewise  by  VauqueM-t 
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These  cbemisU  agi««  ia  repiesenting  its  properties  aa  meM 
imperfect  and  i!I  deBoed  than'  tiAMff  efih^  tdkikholA'Atl 
tiioracic  duct.  Tfaa,t~  flZtinihltld  by  EfflmAt  and  RfittM;  -WltHi 
compared  with  chyle  taken  fit>m  the  thoracic  dnfit,  -wvi  foiulAl^to 
undergo  spontaneous  coa^aMon  mnch  more  iin|>eTfet!tly^  lu 
colour  was  wMte,  with  mlnate  yellow  globnlea  awrattiltD!g'£A  ft. 
But  in  a  few  hours  there  was  observed  in  it  a  little  reAfis^i&ttii^ 
awimnung  in  a  yellowiah  fluid,  which,  after  Borae  *iy8;'  dijap- 
peared,  and  aseumed  the  form  ofasedimeiit  atthebottom'^f'tKe 
vessel.  The  epscimea  examined  by  Vauqueha  vbb  whfte  and 
opaque  like  milk,  and  it  contained  a  coa^nitum  equally  white 'altd 
opaque.  This  coa^um  was  conBiderea  aa  imperfectly  fjml^ 
fibrin  ^  and  in  the  chyle  examined  by  EmirieFt  and  Rinm,  cob- 
Btituted  aboutone  per  cent,  of  the  whole  fluid.  Both  Bpeomena 
also  were  foimd  to  contein  albmnen,  the  usual  salts  of  me  blood, 
and  also  a  peculiar  priaciple,  the  properties  of  which  will  be 
considered  hereafter. 

Obyle  from  the  thoracic  duct  has  been  often  examined,  and 
ivith  very  similar  results.  If  an  animal  be  kiOed  a  few  odnn 
after  having  taken  Tood,  and  immediately  opened,  and  the 
Uioracic  duct  pierced,  the  chyle  being  now  in  a  perfectly  flnid 
state  will  flow  out  readily.  Its  colour  at  this  time  ia  neatly 
white.  Ita  taste  faintly  svline  and  sweetish.  Its  smell  peculiar; 
(t  has  been  cnmpared  hy  Emmert  and  Reuss  to  that  of  the 
enipuM  virile.  In  a  period  of  time  somewhat  difl^rent  in  dtfiemht 
ins^auces,  but  geiidiully  in  a  few  mtniites,  it  begins  to  assoinS  a 
gelatinous  appearance^  anl  to  undergo  coagolatioQ ;  the  tsolour 
also,  if  it  has  been  exposed  to  the  air,  changes  to.a  Mat  r«3;  cLr 
pink.  The  time  remiisito  to  produce  the  maximum  eflfect  of 
these  spontaneouH  chan^^es  ia  different;  sometimea  an  hbur 
appeturs  sufficient;  generally,  however,  a  much  longer  time  is 
necessary.  In  this  coagulated!  state,  and  often  mwiy  hourai  or 
even  days  afler  it  has  betn  removed  from  the  body,  it  has,  ia 
every  iaBtance  in  which  [  am  acquainted,  been  examined  bJT 
chemists  ;  and  the  following  observations,  therefore,  are  to  tw 
Wld^Brstood  to  apply  to  it  in  this  condition  only. 
'  It  would  be  loss  of  time  to  mention  the  opimona  of  &e  older 
physiologists  in  chyle.  All  the  modem  chemiaUhave  considered 
it  aa  very  analogous  to  tlio  blood.  The  experinients  of  Emmiert 
and  Reuss  and  Vauquelin.above-mentionea,  establish  this  poilU 
in  the  most  satisfactoTy  manner ;  and  those  of  others  to  the  samg 
effect  might  be  mentioned  if  necessary.  I  ehsM  only,  thereffire, 
detail  a  very  few  experiments.  The  most  recent  examindtioAs  or 
ehylt!  are  those  of  Dr.  Marcet  •  and  liyaelf,  of  the  chyles^  of  tWd 
dogs,  one  of  which  had  been  fed  entirely  on  vegetable  food,  'Uib 
«^er  QO  aiiimal  fsed.  The  experiments  were  made  n9W  upwards 
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foi^.^y^am  /.ago,,  ei  t^  request  of  Mr.  Astley  Cooper ;  and  the 
chyl^  .which  I  examiued  were,  I  beheve,  taken  from  th^j^^t^ 
two  dogs,  the  contents  of  whose  duodena  have  been  descr^li^^.^B 
afoniiier  partofthiftDaper.  . __  ,,       .  r.\S^^ 

CMle  of  a  Dog/ea  on  Vegetable  Food.-r-This  19  descj^li^ilji^ 
])r.  Marcet  as  appearing  '^  a  short  time  after  being  co1Iec1^d$a 
the  form  of  a  semitrapsparent,  inodorous,  colourless  fluid,,  liaymg 
but  a  very  shght  milky  nue,  like  whey  diluted  with  water.  WHi^^ 
this  fluid  there  was  a  coagulum,  or  globular  mass,  which  was 
alsQ  semitransparent,  and  nearly  colourless,  having  the  appear- 
ance and  consistence  of  albumen  ovi^  or  of  those  gelatinized 
tranispatent  clots  of  albuminous  matter' which  are  sodieCidieB 
secreted  by  inflamed  surfaces.    This  mass  had  d^tmA  piiik-btfji;-^/ 
and  minute  reddish  filaments  were  observed  on  it*  B*irface;^*'^'-Ti> 
this  description  I  have  nothing  to  add,  except  that  th^-vpiecila&^Q 
I  examined  did  not  sensibly  Wect  Utmus,  or  tumieric  impH^i^vlft 
any  state,  nor  coagulate  milk.  Dr.  Marcet's  further  bbfiertictiOtti 
abio  agree  with  my  own.    He  found  that  the  coaguhim,  ^^MteH 
separated  from  the  senim,  parted  readily  with  it6  ^&f&B^f,^^- 
fluid  portion,  and  was  at  length  reduced  to  a  very  smaSiitiB."  ^te;' 
sp.et.  of  the  serum  he  found  to  be  in  diflevent  instatice^  I'H^W 
and  1*022.    He  appears  to  have  considered  the  ^rnm  as^vratW 
the  coagulum  to  nave  contained  albumen.    The  portio^'bf^^ldtfd' 
matter,  mcluding  salts,  varied  in  different  spedmeas  of  tk^c^le 
&(Ml  4^^  to  7*8  per  cent.    The  proportion  of  isdifle '  jiia^'fm 
very  uniformly  about  092  per  cent.  *       ~    '   ,11311.7/  ,odbi|j 

Chyk  of  a  Dog  fed  on  Animal  Food. — Dr.  Marcetf d  AeS^^w 
of  this  species',  ot  chyle  a^ees  also  with  zHy  oWn.'Obi^^i^VdifiS 
He  desbribes.it  as  resembhug  the  last,  except  that- -^-inrtfea^B^ltfr 
being  nearly  transparent  and  colourless,  it  was  white  and^ib^&^AM^ 
1^. cream.  The  coagulumwas  also  white tind opaque.- ^d^t^  a 
thore  distinct  pink  hue,  with  an  appearance  hot  tinliketh^t  bf  t^ 
minute  blood-vessels.  The  coa^um,  as  in  the  former  m^tU^i^ 
gradually  yielded  further  quantities  of  seroiisr  fluid  -tiU-iydtJbJbg 
remained  but  a  small  quantity  of  a  pulpy  opaque  8ubstanc^% 
appearance  somewhat  similar  to  thick  cream^  aiid  ceiott^amiig 
minute  giobules,  besides  the  red  particles  above  notie^d^-  -Ihe 
residue  of  the  coagulum  became  in  the  coui^e  of  three  daya'^iS^iUfe 
pdtrid,  whilst  that  obtained  froiii  vegetable  chyle  in  a  i^imlar 
manner  had  not  yet  begun  to  undergo  that  process."  Theser^iis 
portion  on .  standing  assumed  a  creamy-hke  appearance  onf  ifa 
surface.  Its  sp;  gr.  an4  other  properties  wei'e  similar  to  those 
Jh>m  vegetable  food.  It  )eft  a  quantity  of  solid  matter,  iticlnding 
tf'^ffidV  varykig  in  difierent  specimens  from  7'0  to  9^6  per='lHNi^f, 
The  proportion  of  saline  matter  were  the  same  as  before. 

The  following  are  the  results  of  my  examinations  of  these  twa 
varieties  of  ch^e : 


vj::  i  :  :     ,■•;    ..  'V«gef»blcfooa^>'Aii1nftilfo4ia 

Water  :. . . . . .';,. ...,;. ::. 93-6  .... .V  89^2  ' 

tibM^: ;.....: :.::*.. o-6  ......  -o^$: 

lacipient  albuinesi 2 4*6  .*....    4*7 

!Aj0i^iieu,withaIitdered(>olour^  0-4   ......    4% 

St^  of  miik  ?  . . ; trace ,    — 

C)ihr  imatter trace tta<^ 

SiB^exnatters: 0-8   ,.    0-7 

•      1  lOOO  100-0 

»    ■         ■  r     ■  ' , 

>]!f(df^ythe  game  modes  of  operating  were  adopted  in  the  exa- 
&i^i/l^ffn^:Ofthe9fe  specimens  of  chyle  as  in  those  of  the  chymes, 
f(^erly,  (J/eswbed :  thus, . 

jTbe  ^uaatity  of  water  was  ascertained,  as  in  the  former  in- 
sti^cea^.  1^  evaporating  a  known  weight  of  the  perfect  chyle  to 
Asjnt^iOfi.  a  waier-bath.  The  coaffulum  of  the  chyle  was 
r^|Mstt(e^v  ifaahed  with  cold  water  till  it  ceased  to  give,  off  any 
tbng^.tQ  thjat  fluid ;  the  remainder  was  a  small  portion  of  a  subr 
stance  differing  in  very  sUght  particulars  only  from  the  fibrin  of 
%iljk>pdi.,  One  of  the  chief  of  these  differences  was  its  greater 
jgffj^^dly^  of  solubility  in  dilute  acetic  acid.    It  wiBis,  therefore, 

tK^ifj^i>^^m  pprl^on  was  added  dilute  acetic  acid,  arid  heat 
ii^^^}^;thQ  ,^mixt^  boiled.  A  copious  precipitation  took 
place,  whach,  therefore,  was  not  albumen.  It  differed  also  from 
^S^S^m  pnipKsiple  of  milk,  since  it  was  readily  ai^id  completely 
Ppc^W^I^M^i\^y  tbe  As^muriate  of  mercury.  It  was  named  inci- 
f^b^msen,  an4  its  nature  will  be  more  fully  considered 

y*  j^m^F-.i^o  i^bpye  principle  had  been  removed  by  filtration,  prus- 
si^^i^  pf  rpqiasii  was  added  to  the  acetic  solution.  A  copious 
j^f^gi^SJ^  jfeli,  nduch  was  considered  as  albumeri' 
,:;||[llf^|j^  serum  ipf  the  vegetable  chyle  there  appeared  a  trace  of 
^alifjpu^  considered  as  sugar  of  milk.  This  was  not  obsejryeid 
H^tl^serum  of  the  animal  Stxyle. 

^  'j^h^ijx  chyles,  but  especially  in  that  fi;om  animal  food,  tfajere 
|ra^  a>^|0tinct  trace  of  an  oily  substance. 
:  iWi  ^ipalipe  matters  consisted  chiefly  of  the  alkaline  muriates, 
with  j^i^es  of  a  sulphate,  and,  perhaps,  of  a  lactate ;  but  of  this 
}a^,i  ao^  not  eertain. 

^e  chyles  of  birds,  fishes,  and  the  inferior  animals,  have  not, 
asifar  AS  ikjQpw,  been  examined.  Their  propertiei^,  therefore. 
It  jHreseat/  are  entirely  unknown,  which  is  much  to  be  regretted* 

;  .  (To  be  amtinuei,) 
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Some  years  ago  I  proposed,  as  decisive  of  the  question  wUcK 
has  been  the  subject  of  controversy  on  the  nature  of  oxymuriatic 
and  muriatic  acids,  the  experiment  of  procuring  waf^^,; " 
muriate  of  ammonia,  formea  by  (he  combination  of  diy  9ji 
niacal  and  muriatic  acid  gases.  Muriatic  ^cid  gas  being^, 
sole  product  of  the  mutual  action  of  oxymuriatic  gas  and,  hjj^ 
gen,  it  follows,  that  if  oxymuriatic  gas  contain  oxyseu^ix^jurij^ 
acid  gas  must  contain  combined  water ;  while,  if  the  fohnejrl&i^ 
a  simple  body,  the  latter  must  be  the  real  aqid,  fr^froqt^.  w^it^ 
When  muriatic  acid  gas  is  submitted  to  the  action  of  subcftaiii^ 
which  combine  with  acids,  water  is  obtained;  but  thoiigjl.i^ 
most  simple  and  direct  conclusion  from  this  is,  thattho  w^^^jb^if^ 
deposited  from  the  muriatic  acid  gas,  the  result  maybe  accQW^t^ 
for  on  the  opposite  doctrine,  by  the  suppointion  yiat  i^.ji^.|^{ilpr 
formed  by  the  combination  of  the  hydrogen  of  tl^e  acid  Tij^uiy  u^ 
oxygen  of  the  base.  Ammonia,  however,  coAtaimng  i^o  9W&Sh 
if  water  is  obtained  from  its  combination  with  muriatic;  acia|^ 
we  obtain  a  result  which  cannot  be  accQunted  ^r  on  ^^MfijIiyB^ 
thesis^,  but  must  be  regarded  as  a  proof  of  the, presence;  oi.||§l^ 
in  the  acid  gas. .  Ana  this  again  affords  a  p^oof  eq^aIjij^.cox)^r 
aive  of  the  existence  of  oxjrgen  in  oxymuriatic  gas. J  .  ^j  \ 

Thje  results  of  the  experiment  which  I  had  Drougjbit  foigi  "^ 
were  involved  in  much  controversial  discussion ;  a^d  f^.  (i^ 
recapitulation  of  the  objections  that  were  urged  to  it  is  liefj^ 
sarv,  as  gn  introduction  to  the  experiments  I  have  now  to  8i(bxijilE| 
anu  to  the  consideration  of  the  present  state  of  thc^  questLOiu..,  ^, 

The  original  experiment  was  performed  by  combining  y;^\k 
cubic  inches  of  muriatic  acid  gas  with  the  same  volume  o^mlxpo*- 
niacal  gas  carefully  dried.  The  salt  formed  was  expose^iin  j^ 
small  retort  with  a  receiver  adapted  to.it  to  a  moderate  heat 
gradually  raised.  Moisture  speedily  condensed  in  the  neck  ^f 
uie  retort,  which  increased  ana  collected  into  small  globule^.^u^ 

This  rea\dt  w^  admitted  by  thpse  who  defended  the  i^ew 
dociiriaei . when  the  experiment  was. performed  in  the  manner^ 
have  descrjbied — ^water  beii^  obtained,  it  was  ^owed  *^  v^Jf^ 
inconsiderable  quantity .''  JSut^  to  obviate  the  conclusion,  it.wi^ 
asserted,  that  this  is  water  which  has  been  absorbed  by  die  si^ 
from  the  atmosphere.    This  was  affirmed  by  Sir  Humphry  Dai^, 

•  From  the  Transactions  of  the  Royal  Society  of  Edinburgh,  yoI,  Tiii.  part  ik 
i  Nicholson's  Journal,  xxxi.  126. 

2 


ist^.i 


Muriatic  Add  Ga^.       -  t?7 


who  stated  that  the  salt  absorbs  water  in  this  manner  to  a  very 
considerable  extent ;  that  it  is  only  from  the  salt  in  this  state 
that  water  can  be  procured,  and  that  when  it  is  formed  from  the 
combinatioii  of  the  gases  in  a  close  vessel,  and  heated  without 
expQMAireto  the  air,  not  the  slightest  trace  of  water  appears,  even 
when  the  experiment  is  performed  on  a  large  scale. 

The  reverse  of  this  I  waft  able  to  demonstrate  by  further  expe- 
rimental investigations.  It  was  shown  that  the  salt  absorbs  no 
moisture  from  the  air  in  the  common  state  of  dryness  and  tem- 
perature in  which  the  experiment  is  performed :  when  weighed 
inuilediately  on  its  formation,  in  an  exhausted  vessel,  it  gains  no 
wi^ght  from  exposure,  but  remains  the  same  after  a  number  of 
hKiiirft ;'  aiid  when  exposed  to  the  air  in  the  freest  manner,  it 
rinnams,  after  many  days,  perfectly  dry.  It  was  further  shown, 
tHOkt  when  the  other  circumstances  of  the  experiment  are  the 
Btnsie^  it  yields  no  larger  portion  of  water  when  it  has  been 
exposed  to  the  air  than  it  does  without  this  previous  exposure. 
And,  bstly,  it  was  proved,  that  when  the  salt  has  beentormed, 
and  is  heated  without  the  air  having  been  admitted,  water  is 
bbt^ed  from  it.  This  last  result  was  even  at  length  admitted 
Ijy'iflidse  who  had  advanced  the  opposite  assertion,  in  an  expe- 
mttej^t  performed  with  a  view  to  determine  the  fact.  The  quantity 
(t- water  was  indeed  less  than  what  is  procured  in  the  other  mode; 
btaf '^ihu  vt^as  obviously  owing  to  the  circumstances  of  the  expe- 
Aia^t' being  unfavourable  to  its  expulsion,  more  particularly  to 
tfiSiuftfficnlty  of  applying  a  regulated  temperature  to  a  thin  crost 
iiifiiidt^'  80  as  to  separate  the  water  without  volatilizing  the  salt 
itiSiiH^'aiid'  to  the  effect  arising  from  the  whole  internal  sur&ce  of 
a  laJge  vessel  being  encrusted  with  the  salt,  so  thai  if  the  heat  is 
hitiSSf  'applied,  the  aqueous  vapour  expelled  from  one  part  is  in 
a  i^eat  measure  condensed  and  absorbed  at  another ;  or  if  the 
helBCt  is  applied  equally,  is  retained  in  the  elastic  form,  and,  as  it 
18  cooled,  is  equally  condensed.  Accordingly,  when  the  experi- 
ment was  repeated,  obviating  these  sources  of  error  as  far  as 
possible,  the  water  obtained  was  in  larger  quantity.  And  as  no 
taQacy  belongs  to  tiie  conducting  the  experiment  in  the  more 
fkvoiirable  mode  in  which  it  was  first  performed  (the  assertion  of 
tiie  absorption  of  water  from  the  air  being  altogether  unfounded), 
the'  quantity  prociured  in  that  mode  is  to  be  regarded  as  the  real 
result.* 

■  The  argument  was  maintained  that  the  water  might  be  derived 
from  hygrometric  vapour  in  the  gases  submitted  to  experiment. 
This  it  was  easy  to  reftite.  Dr.  Henry  bad  shown  that  ammonia, 
after  exposure  to  potash,and  muriatic  acid  after  exposure  to  muriate 
of  Birie,  retain  t)X)  trace  of  vapour  whatever ;  and  these  precautions 
had  been  very  carefully  observed.  The  assertion  was  brought 
forward  too  only  to  account  for  the  minute  quantity  of  water 

*  NicboUon's  Jonroal,  xzzit  186,  &c.;  xxxW.^1\. 
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qbiained  lu  that  mode  w  C9^ii,ctii^  thf  experioieat.wlwlt  ^^^ 
^«;  Iea±it  favoiiia^le  ntsuh, 'aiiil  were  it  cY^n  adia^ted.t^yiul,%( 
t'>^L*t'to  wjitch  it  caiii'oe  supposed  to  exiiA,  ii  uj^adB^if^.'fA 
accou'it 'ir  tlie  larger  quantity  obtained  in  tfia  cither.  ,  j,,  ,. 
'  Tliat  tl^  i^ntirc:  quantity  of  water  contained  i^  the  pi^^^ 
'  a(;id  gas  is  luJt  to  be  baked  for  is  evideut  from  the  mture  D^;£e 
anomoaiatai  ealt,  paiticularljr  its  volatility^  whence  the  du£'i^^|pje# 
of  heat  Xq  effect  the  separation  of  the  water  cannot  be  a^pU^^ 
If, the  other  muriates  yield  the  greater  part  of  their  watec,  only 
wlien  .rwfied  nearly  to  a  red  heat  (which  is  the  case),  it  ja  .nqt  tq, 
t^e  suppoB^d  that  muriate  of  ammonia  shall  do  bo  at  a-tevpemt: 
tiire  so  much  lower  as  that  which  it  can  sustain  wi^out,  youi^^. 
zation.  What  is  to  be  expected  is  a  certain  pojftiaa  of  wdfjeb, 
greater  as  the  arrangements  employed  are  better  adqpted/lo 
olmate  the  pecuhar  mfficiilty  attending  the  experim^t.^,.  jntc^ 
i>  a  production  of  water  in  every  form  of  it ;  and  there  eztsts^^! 
jtist  argument  whence  it  can  be  inferred  that  the  <nian,tityfsl^, 
ttian  wnat  ought  to  be  o&tained.  On  the  opposite  doctju^  ok^ 
lyhalqver  shoSd  appear.  .        ,-        ,.'.<ni.f 

To.  effect  the  more  perfect  separation  of  the  water  £roi^,i|j^ 
mpiiate  of  ammonia,  I  nad  performed  the  addiUoBsJ  ex^ie^jii^^^nj^ 
of  passing  the  salt  formed  from  the  cAmbinatio^fif  the  twq^g|MJ^ 
in  vapour  through  ignited  charcoal,  on  the  principle  thaii^F' 
interposition  of  the  charcod,  the  transmission  of  th4-,7t 
wpuldbe  impeded,  and  itwoiJdbeexpose<l'tp  a  moii^'jej 
Hurfac^,  at  wnich  a  high  temperature  woijld  operate,  wfu 
e^ect  might  also  be  obtained  from  the  ai5aiu£8,pxeried 
cartionacedus  matter/  To  remove  any  ambj^ily  froiu^ 
of  the"  charcoal, , it  was  previously  exposea  in  an  iron  fii^,^,  _^j 
very  intense  btiat,  until  all  production  of  elastic  $uid  ha|l  ceu^dj 
ano  removed  while  still  warm  into  a  tube  of  Wedge  wbod'a  sane- 
ly, containing  the  muriate  of  ammonia,  which  was  diea^^u^. 
Across  a  furnace  so  as  to  be  nused  to  a  red  heat.  A^  wt^njn 
tbe  vapour  of  the  salt  passed  through  the  ignited  charcoal^  ffiif[ 
^(ras  disengaged,  whiim  was  conveyed  by  a  curved  gIsA  Iqm 
adapted  to  the  porcelain  one,  and  received  in  ajar  over  <^mc^. 
aQver.  Moisture  was  at  tlie  Bame  time  pret^  copiously  depipw,t^- 
condensing  both  in  the  glass  tube  in  globules,  aadbemgBrou^iA: 
in  ^pour  with  the  gas,  which  it  rendered  opaque,  andcondeojuju^ 
On  the"  surface  of  the  quicksilver  within  the  jats.  ITie  elutw! 
fluid  consisted  of  carbuietted  hj^drogen  and  carbonic  acid,  nip*! 
dilcta  tvi<ieutiy  of  tlie  decomposition  by  the  ignited  charcaaTi:^; 
ii'orti.oii  of  tlie  liberated  water.  la  this  experiment,  tlien,.',tt|j^, 
^siijt,  was  still  more  satiefactory  than  in  tlie  other.  Thai  pti, 
^feiguity  arose  (Vom  any  effect  of  the  charcoal  in  affording^ 
iS^^'^iB  evident  from  tms,  that  the  water  appeared  at  t^a' 
fiiSmenVthe  fiSlt  began  to  pais  in  vapour,  and'at  a  tembe'ratufe' 
far  below  that  at  which  the  charcoal  had  ceased  to  am>rd  any 
gas.  In  another  variation  of  the  experiment,  muriate  of  aihmOiuV 
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was'imsi^ed  in  vapour  through  an  ignite^  porcelaia  tube  alone. 
#9ue^'#ta -bbtd^^      in  larger  quantity  tlian  Wheh'thb  salt'h'ad 
^fi^'etfkii^  ib  a'heat  shoit  of  its  Volatilization^  and  ifkn  t|i6 
flllt-^Mbdi' litid  yielded  water  by  that  operation  aJloMed' an  addi- 
tional quantity  m  this  inode — a  proof  of  the  more'^^rfect  i^ep^^ 
tid^:of  the  water  by  the  effect  oia  higher  temperataire.*    ';'  * 
^''sy'all  tliese  results^  then,  I  consider  the  existence  of  water  in 
mdMWte  of  anunonia,  and;  of  course,  in  muriatic  acid  gas^  %s 
demonstrated. 
.Dr.  Ure  has  lately  laid  before  the  Society  the  result  of  another 
mode  of  conducting  the  experiment — that  6f   sublimitig  *  the 
nDforiate  of  ammonia  over  some  of  the  metals,  at  the  temperature 
of  ^nition.    Water'is  thus  stated  to  be  obtained  in  considerable 
qiifttttity,  with  a  production  of  hydrogen  gas. 
'  'Nq  objection  appeared  to  Dr.  Ure  s  experiment,  except,  per- 
hkp»,;that  the  salt  operated  on  was  not  that  formed  l>y  the  direct 
COm^'ination  of  its  constituent  gases,  but  the  common  sal  ammo-  - 
vSBtf  in  which  water  might  be  supposed  to  exist,  either  as  ah 
etttential,  or  an  adventitious  inmredient,   as   it  is   abundantly 
supplied  to  it  in  the  processes  by  which  it  is  fojrmed..    fhad 
fiMmd,  indeed,  in  some  of  my  former  experiments,t  th^t  sal 
itotibiiiac  yields  no  water"  when  exposed  to  a  heat  sufficient  to 
sdtlfitiie  It,  out  affords  it  only  when  exposed  to  a  red  heat  by 
trimattissibnof  its  vapour  through  ah  ignited  tube,  that,  there- 
AMl^lfiDiWinjg  no  doubt  to  its  previous  sublimation),  it  contains 
s$^lktie)i(Iy  even  less  water  than  the  salt  formed  by  the  cbinbina- 
W^Wibk  two  gases.    Still  objections,  entitled  t6  les&  consider-  ' 
aSbtaT^ain  this  ootif,  had  been  maintained  in  the  course  of  this 
dimroversy.      I,  iheiefore,    thought  it    right   to    repeat  the 
ek^ierimf^ji  ^^^  ^^  necessary  precaution  to  obviate  it,'  and  to 
obi^e  thb  actual  result. 

Hhijity  grains  of  muriate  of  ammonia,  formed  from  the  cpmbi- 
nafidn  of  lAuriatic  acid  and  ammoniacal  gases,  were  put  into  a 
giasB  tdibe'with  a  slight  curvature.  Two  hundred  grains  of  clean 
aiij^'  dry'  iron  filings  were  placed  over  it.  The  tube  was  put  in  a 
csuje  of  iron  with  sand,  and  placed  across  a  small  furnace,  so  that 
tl^  kmddle  part,  where  the  iron  filings  were,  was  at  a  red  heat, 
th^'  ^e^ctjRemity  terminating  ip  the  mercurial  trough.  The  salt, 
fknd  f£e  heat  reaching  the  closed  extremity  of  the  tube,  soon 
pidssed  in  vapour  through  the  ignited  iron.  Gras  issued  from  the 
ettjennty,  and  moisture  appeared  in  the  cold  part  of  the  tube. 
Alaxge  quantity  of  gas  was  collected,  which  had  the  odour  quite 
strong^  of  muriatic  acid,  and  was  in  pait  condentsied  by  water ; 
tb^VesiiQi^e  burned  with  the  flame  of  hydrogen.  The  tube,  for 
seVe.tal  .inches,  was  studded  with  globules  of  water,  and  was 
bedimmed  with  vapour  further.  I  did  not  prosequte  tiie  experi- 
ment, sq;as  to  ascertain  the  weight  of  water  produced^  as  Lhad 

•  KiclioliiMi'v  Journal,  xzii.  IfiH.  t  U,  zulW.  874. 
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t»Uifir  experiments  in  nqw  wbidi  I  conpeiyed -niight^ifiSi^,! 
(tfnqlusive  re»iijt,ij.     But:it  jirovcft  the  poist  jt  was  dcfHraf 
^taUisii)  that  water  ia  obtained  itam  t^e  salt  fonfMiii^-- 
eombio&tioa  of  the  gaaes,  as  well  as  from  tlw  covaoon  s~' ' 
niWi.  . . .; 

.My  aUeotioa  having  beeatbuB  recalled  (o  the  subject,  X  B|tip 
^igtun.  executed  tlie  expeiifflfflit  in  its  onginal  and  simple^  ^m, 
^bat  of  ebtainining  water  from  the  salt  by  heat  alone; ;  wad  t(i 
ibia  I  was  led  more  particularly,  as  it  had  occurred  to  me.^tt 
a,  more  perfect  abstraction  of  its  water  might  be  efiectud>  ))ff 
conducting  the  experiment  in  an  apparatus  somewhat,  oq  the 
ptiaciple  of  the  instrument  inyented  by  Dr.  WoUaston,  whi'gji  j^ 
named  the  Ciyophorus.  ,  In  a  retort  of  the  ca{)aci^  pf  seFBP 
cubic  laches,  fitted  with  a  itop-cock,  and  exhausteti,  60  >^hic 
inches  of  ammoniacal  gas  were  combined  with  the  requisi^ 
quantity  of  muriatic  acid  gas,  each  nreviouBly  csuefijlly'  driea*  ^ 
wnner  by  exposure  to  potash,  the  latter  by  exposure  tfimoiute 
at^ma.  The  stop-cock  was  then  detached  &om  the  retort';  tW 
escesB  of  ammomacal  gas  was  removed  by  a  caoutchouc  1x4^ 
Mtd  replaced  by  atmospheric  air ;  the  salt  was  pushed  dqwD 
ftom  the  neck  -  and  it  was  coimected  with  another  similar  t&i/^ 
the  joining  of  the  two  being  secured  by  cement.  IFbift'laat 
fietort  wat  also  fitted  with  a  stop-cock  adapted  to  a  tut^dat^nfit 
its  curvature,  and  heat  being  applied  to  it,  a  little  of  ttteJBriuft^ 
1^  was  alk)wed  to  escf^e.  It  wa£  then  placed  in  ^,aw{|g^ei^ 
munate  of  time  and  ice  ;  while  the  other,  coiUAiiiiag  ^?  i]^i)c|f|^ 
of  aovoonia,  was  placed  in  warm  oil.,  The  heat  .o|,,^lii^^Jf^ 
taued  to  420°  of  Fuir.  moisture  condensed  at^  the  W'^itrjg^f^ 
^  neekf.wben  the  heat  had  been  raised  toiZSO",  apa  Tit^^V.^ 
for  Bqme  time  to  increase.  It  then  dimioiBhed,  &op  tttaiViii^iifK- 
mied  application  of  the  heat,  carrying  it  forward  ii^  ihi^jtjfjid 
xetort  i  and  at  the  end  of  the  experiment,  a  coniddeiahl^  M|i#f 
ithe  body  of  this  was  encrusted  with  atJiin  film  of.  i|G^„;^|l^ 
i^sutt,  Uierefore,  coincides  entirely  with  wbat  had  \>»^^^ff^ 


■  A  foreign  chemiil,  who  has  coDtinurdloiupporl  the  old  doclrincaf  IbenatiFr 
of  muriatic  acid,  baa  obiierved  (^nnoti  of  Philosopks,  viii.  i04)  that  Ihe  nratu  *'' 
the  mariatic  acid  gai  cannot  be  an ppoaril  to  be  oblnlned  \>y  Ihe  cumbinallo^i  DrUl'' 
■dd  w  ith  aiDiBODia  I  for  do  nealral  wnstoiiiaral  eall,  he  adds,  cnii  be  "hmiae^fret 
fraoi  water,  and  the  watrrof  iheacid  gas.  hecDiae«  the  nster  rssuntUi  to  Ui«sall. 
I  did.DDt  tbisk  ilDcceuarytomakeaDjrri'ply  tolhiaob^ervaliiiti,  fouuJedeoLiiclj, 
a*  it  appeared  to  aft,  on  a  mUtakeu  agaumpiion.  Bui  I  may  lukv  iiua  oiiiiorluDil.y 
of  romarklng,  Ibat  there  ii  loneceaiar^  <rulh  in  tlie  8U|>|iO!iitian  Ihal  Ibe  amnionU- 
.cal  Hlft  iaou  contain  mater  wbicb  (bry  caiinot  yirld.  M'iieu  ucjils  coDibiaenlOi 
.jNHn..the  water  of  the  acid  doei  notnece^surilj  rEwuin  in  iJLe  compumid.  On  the 
Captr^ryi.ftU  tiapableof  t>elng  driven  olT  rrom  iLr  grralet  number  of  thcoi,  Iiy  bm 
^eva^  (cfapenUnre't  and  tbere  UnopriDciple  on  whir"-    ■   ---'--■-■•-    ■  ■•--■ 
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it4a^ttipB]^&>  diot  €^  tirantmitting  mfiriatic  acid  in  its  gaseotw  fond 
d^  j^mfeed  metab.  If  water  be  obtained  in  this  experimeiit^ 
it  is  a  result  which  would  prore  subyersire  of  the  new  doctnne ; 
for  mvxiatic  acid  gas  is  held  to  be  the  real  acid,  free  from  watery 
flAd  the  only  change  which  can  happen  is  Uiat  of  the  xnetal 
decomposing  the  acid  attracting  its  chlorine  and  liberating  its 
hydrogen.  And  the  experiment  is  further  free  from  the  only 
resoivt^  which  remained  to  the  advocates  of  that  doctrine,  in 
the  case  of  vrater  being  obtained  fit)m  muriate  of  ammonia,  dial 
ittnight  be  derived  mm  the  decomposition  of  the  elements  of 
ttSBteonia,  regarding  it  as  an  alkah  containing  oxygen.  If  water 
were  really  oradned  frt>m  the  combination  of  muriatic  acid  and 
amnioniacal  gases,  it  would  rather  indicate,  it  was  said,  the 
decompositioo  of  nitrogen  than  the  existence  of  water  as  a  con> 
stku^nt  of  muriatic  acid.  No  weight,  I  believe,  is  due  to  such 
ail  assumption ;  but  if  any  importance  were  attached  to  it,  it  is 
pitednded  if  water  is  obtained  from  the  action  of  metals  on 
muriatic  acid  gas. 

1  have  executed  the  experiment  in  several  forms ;  and  in  dl 
with  a  more  or  less  satisfactory  result. 

One  hundred  grains  of  iron  fiUngs,  clean  and  diy,  were 
Uti^ifed  for  a  le^^  of  five  or  six  inches,  in  a  glass  tube,  which 
WM- jplibed  in  an  iron  case  across  a  small  Aimace,  so  as  to  admit 
'^'Mkjtg^  raised  to  a  red  heat.    This  tube,  of  about  two  feet  in 

ttfii^^V'^^^  ^<>^^^  "^^  ^  ^id^  ^^^^  ei^ht  inches  long, 
•M&tldiUmfi^dr^  and  warm  muriate  of  lime ;  and  this  was  frirthi^ 
totieuictea  at  its  otiier  extremity,  with  a  retort  afibrding  muriatic 
add  {tej^  from  a  mixture  of  supersulphate  of  potash  ami  mtbriate 
of  "SiMhi;  The  open  extremity  of  the  lon^  tube,  dipped  by  a 
sC^t  curvature  m  quicksilver.  On  the  iron  being  raised  to 
igSfi^n,  and  die  transmission  of  the  acid  gas  being  conducted 
idbwly,  elastic  fluid  escaped  fit)m  the  extremity  of  the  tube,  which 
inm  fdimd  to  be  hydrogen;  and  though  no  trace  of  moistwe 
wpeared  in  the  anterior  part  of  the  tube,  it  immediately  -con- 
densed in  tiiat  part  which  was  cold,  beyond  the  iron  filings. 

fime,  finee  fhmi  waier,  doet  not  absorb  dry  carbonic  acid  gai,  but  abtorbs  it 
lul^ly  If  aqoeodi  vapour  be  admitted,  tbough  water  is  not  retained  in  the  compo- 
lin<fti  of  carbonate  of  llitfe.'  And  I  have  found  that  dry  magnesia  does  not  al>sort> 
dterfittic  acid  sas,  though,  with  the  aid  of  water,  itforms  acombination  from  wfridi 
t^  wat«r  cad  be  expelled  by  lieat.  That  ammoniacal  salts  exist  without  water  is 
evMent  fircMa  the  combination  of  carbonic  acid  gas  and  ammoniacal  gas  being 
<likcted  with  tlie  greatest  'facility ;  and  the  circumstance  that  this  compound  is 
■ot  iMOii^ral  is  one  not  depending  on  the  peculiarity  of  the  athmonia,  flmd  its  npt 
(^tainiof  water,  like  other  bases,  but  ou  that  of  the  carbonic  acid,  which,  wfth 
a^  ^  allLAlies,  even  where  water  is  present,  has  a  tendency  to  form  compounds 
^jth  eitceis  of  btbe.  The  reason  why  the  ammoniacal  salts  do  not  yield  the  c^- 
ftlAed  Water  of  their  acids  so  completely  as  that  of  other  saTts«  is,  that  froiii  their 
.volatiiity,  of  their  satceptibllity  of  decomposition,  they  do  nol  bear  tNatdegree  of 
;licat  which  is  necessary  to.prodoce  It.  1  cannot,  therefore,  but  chnsid^r  the  observ- 
ation altaddl  to  as  one  altogether  unfounded^  and  which  ought  not',  db  a  inere 
halation,  id  have  been  brou^t  fbrward'ajgithnt  a  posUiVtf  riesiilt.  ^    ' . 
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Thi»  accumulated  in  globules^  and  at  length  ran  imto  nwmIL 
portion  in  the  bottom ;  the  sides  wete  bedewed  for  a  lengA-vf 
six  inches,  and  a  thin  fihn  of  moisture  iqqpeared  beyond  naiiiy 
its  whole  length.  v 

By  the  muriatic  acid  gas  being  extricated  in  the  pracadiqg 
experiment  from  nearly  dry  materials,  and  by  its  previous  traa^ 
mission  over  an  extensive  surface  of  loose  muriate  of  hme,  it  wis 
inferred  that  it  would  be  free  from  hygrometric  vapour ;  and  th|t 
it  held  no  moisture,  was  apparent  from  no  trace  of  it  appeariijig- 
in  the  anterior  portion  of  the  tube.  To  obviate,  nowev^. 
entirely,  any  supposed  fallacy  from  this  source,  the  expeffimeni' 
was  performed  in  the  following  manner.  One  hundred  grains  of 
clean  and  perfectly  dry  iron  fiUngs  were  put  into  a  long  g^ass 
tube,  which  was  placed,  as  before,  across  a  small  raniace* 
Muriatic  acid  ^^  had  been  kept  in  contact  with  dry  muriate  of 
lime  for  thi^e  days,  in  a  jar  with  a  stop-cock  adaptedf  to  it.  This 
was  connected  by  a  short  tube  with  a  caoutchouc  collar;^  with 
the  tube  containing  the  iron  filings  ;  and  a  little  of  the  muriatic. 
acid  gas  being  passed  through  the  tube  to  expel  the  air,  the  tem-^ 
perature  was  Taised  to  ignition.  Hie  slow  transmission  of  Ihe 
gas  was  continued  by  the  pressure  of  the  mercury  in  the  quid:- 
silver  trough,  and  fresh  quantities,  which  had  been  equally  with  - 
the  other  exposed  to  muriate  of  lime,  were  added,  as  was  neees- 
saiy.  Water  almost  immediately  appeared  in  the  tube  beyosd 
the  iron  filings;  it  collected  in  spnerules,  and  contiiiiied  Ip* 
accumulate  as  the  gas  continued  to  be  transmitted  for  a  leogft' 
of  about  seven  inches.  A  portion  of  the  gas,  'which  eacaped . 
bom  the  extremity,  was  clouded,  and  deposited  a  film  of 
moisture  on  the  sides  of  the  jar  in  which  it  Mras  received  ov«r. 
quicksilver.  The  quantity  of  gas  transmitted  amounted  to  abovt  . 
36  cubic  inches. 

There  are  some  difficulties  in  conducting  the  experimeat  ii^ 
the  manner  now  described,  from  the  consoUcuition  of  the  metallia. 
Blatter,  and  the  volatiUzation  of  the  product.    It  was  also  of 
some  importance  to  vary  the  experiment.  I,  therefore,  perfofBO^ 
it  in  another  mode.     Metals  scarcely  act  on  muriatic  acid  gtt ,. 
at  natural  temperatures,  but  from  such  a  degree  of  heat  as  cpijdj 
be  appUed  by  a  small  lamp,  both  iron  and  zinc  were  acte^!cjpi[ 
the  gas  suffered  diminution  of  volume,  hydrogen  was  ^mMll^  . 
and  a  sensible  production  of  moisture  took  place.    The  aiffipJ^^t 
mode  of  exhibiting  this  is  to  introduce  iron  or  zinc  filings,  pra*  .. 
viously  dry  and  warm,  into  a  retort  fitted, with  a  stqp-codi^;. 
exhausting  it ;  then  admitting  dry  muriatic  acid  gas,  ana  W^  •  i 
ing  heat  by  a  small  lamp  to  the  filings  in  the  under  part  of'ihf 
body  of  the  retort.    Moisture  soon  appears  at  its  curvature  la - 
small  globules,  and  increases  on  successive  applications  cdf  ^  j 
heat  with  the  admission  of  the  requisite  quantities  of  gas.        .  •  'i|c 
To  conduct  the  experiment,  however,  on  a  larger  BC^Ie,  t^.'\ 
employed  a  difierent  apparatus.     A  tubulated  retoj:^  gf  tjhf  ^ 
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gMfe^ ^!23cubic,ui^e^,  was  coaneeted  with,  ajar,  contBut- 
m^uniiatfc  acia  gas  m  contact,  with  mwiate  of  lime  on  the  shdf 
xnrSe  oinerciuiar  tinugh,  by  a  tube  bent  twice  at  right  angles,  and 
fi^ad^by  its  shorter  le^  with  a  collar  of  caoutchouc  to  a  stop-cock 
•i-'iGe  tdp-oirthe  jnr,.it8  longer  lee  passing  into  the  tubulatureof 
thb  Tetwt,  so  as  to  termiaaCe  within  an  inch  of  its  bottom,  and 
dA'jbiniogg  being  rendered  aii'-tight.  The  retort  ia  ao  placed 
llUtt  heai  can  be  applied  by  a  lamp  to  the  bottom,  and  its  neck 
dqis,  by  a  short  corvefi  tube,  imdei  a  jar  tilled  with  quicksilrer, 
woich,  by  the  reverted  position  of  the  retort,  may  be  placed 
lieside  the  other  on  the  shelf  of  the  trough.  At  the  commence- 
ment of  the  experiment,  the  metaUic  filings,  previously  dry  and 
warm,  having  oeen  put  into  the  retort,  the  atmospheric  air  is 
esbellcd  by  a  moderate  heat,  and  small  portions  of  the  muriatic 
acid  gas  are  admitted  untS  ^e  retort  is  filled  with  the  pure  gas. 
lite  itop-cock  is  then  closed,  and  beat  is  appUed  by  a  lamp  to 
tkfe  bbttem  of  the  retort  under  aconsiderable  pressure  of  mercury ; 
any  mnall  pditioii  of  gas  expelled  at  the  extremity  beii^  received 
in  <]te.  small  jar.  The  heat  can  thus  be  successively  cautiously 
a|qdtied,  and  this,  as  the  experiment  proceeds,  to  a  greater  extent, 
in  coiuttquence  of  the  diminution  of  volume  that  takes  place. 
Fresh  quantities  of  muriatic  acid  gas  are  admitted  fiom  time  to 
time  from  the  jar,  and  the  stop-cock  being  closed  when  the  heat 
is  applied,  the  hydrogen  gas  produced  is  expelled  with  any 
mqnatic  acid  gas  ii^t  acted  on. 

in  the  principal  experiment  I  employed,  zinc  filings  were  uaed 
in  preference  to  iron,  Irom  the  conaideration  that  muriate  of  zinc 
is  less  volatile  than  muriate  of  iron,  and,  therefore,  would  admit 
of  a  higher  heat  being  apphed  to  expel  any  water.  One  hundred 
grains  of  clean  and  dry  zinc  filings  were  introduced  while  warm: 
iDto  the  retort ;  the  air  was  expelled,  and  muriatic  acid  gas  waa 
aillw&<i  Irofn  the  jar.  On  f4)plyiiig  heat  to  the  zinc,  the  retort, 
wtt^  was  befotp  perfectly  dry,  was  bedimmed  with  moisture  a£ 
itsAiiHature,  and  small  spheniieB  collected  at  the  top  qf  the  neqk, 
Tlfesiincreasedin  size,  and  extended  further  as  the  ^Jtperiment 
ad^^delf.  After  a  certain  time,  part  of  this  disappeared  in  the 
inteV^  df  cdoliog,  being  absorbed  by  the  deliquescent  product ; 
biit'irluin  di«  heat  was  again  appliea,  it  was  renewed,  and  this 
in  TQfjretBled'  duantity;,  until  at  length,  at  the  end  of  four  days, 
duTlti^^%lcfi  neat  had  been  irequently  affiled,  the  whole  tube 
of  tBe  Fetorf,  se^n  inches  in  length,  was  studded  with  small 
glt^jM^s  Qf  fluid.  When  the  heat  had  been  raised  high,  a  beau- 
tiful^ Itfftfcfcssceilt  crystallization  appeared  in  a  thin  film  on  the 
bo^J^'or  ^e  retort,  'but  no  part  of  this  reached  the  neck.  Thn 
rettn^  W&s'how  detached ;  tne  gas  it  contained  was  withdrawn 
Irr%'litR)Utb1l(^c  bottle;  a  small  receiver  waa  adapted;  and  a 
^i^t  ]iea£  baving  been  applied  to  expel  a  little  of  the  air,  the 
joinins?ir&  diade  close  by  cement.  The  receiver  waa  surrounded 
widl''CJt'6exMig;' Mixture,  and  heat  was  apphed  by  a.c\ioffeTto<CQ.« 

VouXlIl.  N*I.  C 
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retort,  as  far  as  could  be  done,  without  raising  dense  vapoursH^ 
Globules  of  liquid,  yetfectiy  limpid,  collected  pretty  oopioui^ 
towards  the  middle  and  lower  part  of  the  neck,  and  the  receiver^ 
on  being  removed  from  the  freezing  mixture,  was  covered  mter* 
nally  with  a  film  of  moisture.  The  globules  in  the  neck  of  the 
r^icurt  were  absorbed  by  a  slip  of  bibi^ous  paper,  and  the  quantity 
was  found  to  amount  to  1*2  gr.  The  receiver  bein^  dried  .caier 
fully  and  weighed,  lost  by  the  dissipation  of  the  moisture  within. 
0*4  gr.  Distilled  water,  in  which  the  bibulous  paper  was 
immersed,  was  quite  acid ;  it  gave  no  sensible  turbidnesa  on  the 
addition  of  ammonia,  or  of  carbonate  of  soda,  and  held  diss<dve4i 
therefore,  merely  pure  muriatic  acid.  The  mass  in  the  fetod 
was  of  a  grey  colour,  with  metallic  lustre,  in  loosely  aggregated 
laminse  somewhat  flexible.  It  weighed  1 14-8  gr.  Addmgto  this 
increase  of  weight  which  the  zinc  had  gained  the  weight  of  the 
water  and  the  hydrogen  gas  expelled,  it  gives  a  ccmsumption  of 
muriatic  acid  gas  of  about  16*8  gr.  equivalent  to  about  43  Gid)ic 
inches.  Supposing  the  weight  of  water  to  be  doubled,  or  nearly. 
sOy  by  saturation  with  muriatic  acid,  this  gives  the  prodtK^t<^: 
water  in  the  experiment  as  equal  to  neaily  one  gr. ;  or  aboal 
•^  of  the  whole  quantity  of  combined  water  which  muriatic  acid, 
gas  is  calculated  to  contain.* 

In  all  the  preceding  experiments,  water  has  been  procvred 
from  muriatic  acid  gas.  It  is  obvious  that  such  a  result  caxwiot 
be  accounted  for  on  the  hypothesis  that  it  is  the  real  acid  fiee 
from  water,  a  compoimd  merely  of  chlorine  and  hydrogen.  Oq 
the  opposite  doctrine,  as  muriatic  acid  in  its  gaseous  fonoi9;l)ield 
to  contain  water,  it  may  be  supposed  to  afford  a  portion  of  it.  •  •', 

It  may  be  maintained,  however,  in  this,  as  it  was  in  the-.eiqpe* 
riment  of  obtaining  water  from  the  muriate  of  ammonia  by  heat^ 
that  the  water  produced  is  derived  from  hygrometric  vapour  ia 
the. gas.  To  obviate  this,  it  is  sufficient  to  recur  to  tb^.  ^MSt. 
established  by  the  experiments  of  Henry  and  Gay^Lussac,  ii^ 
muriatic  acia  gas  contains  no  hygrometric  vapour;  ac^to^ihe 

*-  The  action  of  the  metals  oo  the  muriatic  acid  gas  taking  place  ia  the  aboif 
experiments  at  a  heat  comparatively  moderate,  it  occurred  to  me  that  thie;^-ml|^ 
exert  a  similar  action  with  no  higher  heat  on  the  acid  in  muriate  of  anunonla,  nl 
that  this  might  afford  an  easy  mode  of  exhibiting  the  results.  I  accordiiifljr  f^mtiiL 
that  on  mixing  different  metals  with  sal  ammoniac  in  powder,  previoodj  e^otKf( 
to  asi^bliming  beat,  and  exposing  the  mixture  to  beat  by  a  lamp,  so  regnfatMr«ttl> 
be  short  of  volatilization,  the  salt  was  decomposed,  ammoniacal  gas  wmtdtpJUtii 
and  moisture  condensed  in  the  neck  of  the  retort,  covering  a  sp«ca  of  levcn^ 
inched  with  small  globules,  and  at  length  running  down.  The  meta^  I  cmpioMd 
Were  iron,  zinc,  tin,  and  lead  ;  100,  150,  or  200  gr.  of  each  metal,  dry  aiid  wuhi 
being  mixed  with  100  gr.  of  the  salt  likewise  newly  heated.  To  obviate  may 'ftSJ 
lacy  from  common  sal  ammoniac  being  employed,  I  repeated  the  experiiMSi|^lti| 
the  salt  formed.from  the  combination  of  its  two  constituent  gases,  and  ohtaJACd.  t^ 
same  result.  But  although  this  affords  an  easy  mode  of  exhibiting  the  proancUbB 
of  water,  it  is  not  favourable  to  obtaining  a  perfect  result,  the  heated  aiWmpriWwft 
gas  carrying  off  a  considerable  portion  of  the  water  deposited  ;  and  afOcnirHmlj 
the  quantity,  instead  of  increasing  as  the  experiment  proceeds,  at  length  dvpiniplMBfu 
and  the  ammoniacal  gas  deposits  a  portion  of  water  in  passing  through  toftcnfy^^'^f 
ia  being  conveyed  through  a  cold  tube,  <  ■  .  ^ 
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)bvkMH|'yeMdt  in  Ae  experiment  that  no  quantity  that  can  i  be  * 
iflfimtned  wonldbe  ietdequote  to*  account  fo?  the  quantity  aciually  / 
obtained.'   Hie  circumBtances  of  the  experiment  too  are  such. as 
to  'ptMliide  any  such  suppoeition ;  and  this  more  peculiarly  iso  ' 
than  ^  the  experimoDtt  of  obtaining  water  from  the  mariote  of 
atcMonia  by  heat ;  for  in  the  present  case  the  acid  gas  is  alone 
enoq^oyed,  while  in  the  other  tnere  is  an  additional  equal  Tolume - 
of  atnmomacal  gas,  which  may  be  supposed  to  afford  a  doubte 
ijuaittitjr  of  hy^metric  vapour.    In  the  latter,  both  the  gases 
M^lccfndens^  mto  a  solid  product,  and  any  hygrometric  Tapour 
n^^e-sopposed  to  be  liberated ;  but  in  the  present  experiment^ 
tfemi'iremains  the  hydrogen  ^sa  capable  of  containing  nygrome* 
liJdH^iipOur,  while  the  muriatic  acia  gas  contains  none ;  and  the 
•fMkkmy-  of  it  thus  transmitted  over  the  humid  surface,  and 
3X]^m6d'fix«i  the  afyparatus,  must  have  carried  off  more  vapour 
tnii>  tilt)  other,  introduced  at  a  lower  temperature,  could  have 
M^n^nefl.'  These  circumstances,  independent  of  the  quantky  of 
iMlMf:  deposited,  precluded  the  supposition  of  any  deposition 
9^ the  condensation  of  hygrometnc  vapour;  and  theife  is  na 
jHNHJ>e3ttemai  source  whence  it  can  be  derived.  In  this  respect/ 
otMlidfig'HiiMb  be  -more  satisfactory  than  the  experiment  with  the 
dnc  in  the  apparatus  described.    The  muriatic  acid  gas  risev 
GfbUS'^dB^J^^tiu^i^^  in  contact  with  muriate  of  lime,  passes  through 
V  ni#i>l^%ent  tube,  30  inches  in  length,  without  exhibiting  the. 
^itH^^flhh'  of  moisture,  is  received  into  the  retort  perroctly; 
a£l(^Mrfaen  the  action  of  the  metal  on  it  is  excited  by  heat,^' 
lltbltdSl^  immediately  becomes  appeurentin  the  curvature  of  the 
retoH;,*  mid  this  evdd  while  the  gas  is  warm,  and  of  course  capabie< 
of  44S»i&timing  more  water  dissolved  than  it  could  do  in  its  former 
•fi^  tj^d  3ie  quantity  increases  as  the  experiment  proceeds. 
KbWfQj^inent  can  be  supposed  better  adapted  to  prove  that 
«a]l(^di)^6sition  of  water  must  be  by  separation  from  its  existenoe 
ib^<&e«#BeB^hi'  a  combined  statie. 

-'^tiflbAeshL  consider  this  conclusion  as  estaiUished,  there  is 

a  consi^erwle  difficulty  attending  the  theory  of  the  experimentr 

'Ql^^T^ly^  nf  ^fifftr  bemg  obtained  is  actually  different  from  what 

Mo.£e^Ioeked  for.  on  the  doctrine  of  muriatic  acid  gas.  contain- 

likbkied  water ;  and  even  when  the  fact  is  established,  the 

[.bfllis  not  easily  .assigned.    On  that  doctrine,  it  must  b^ 

Via  the  action  pf  metals  on  muriatic  acid  gas,  the  metal 

eirjifgen  from  the  water,  the  corresponding  hydrogen  is 

^Hi^^Mft'^d  the  oxide  formed  combines  with  the  real  acid.    No 

iatftf  wMfore>.  ought  to  be  deposited ;  for  none  is  abstracted 

tfiWllR'aiGidbik  what  is  spent  m  the  oxidation  of  the  metal* 

HU^jHiS  be  apparent  by  attending  to  the  proportions  in  a  single 

llSlll|ilffi^O*F  v''°  scale  of  chemical  equivalents :  100  gr.  of  iron 

ctaoabme whh S9of  oxy^n,  and  in  tins  state  of  oxidation nmt^ 

^^'  S^;  ^  Jfeisfl  muriatic  acid.    This  quantity  of  acid  exists  ip. 

iSf 'd'oluduni^  gas  combined  wita 32*8  of  waXex ;  ^xki3i\bAi| 
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portion  of  ^atet  contains  29  of  oxygen  with  3*S  of  bydrOgen. 
There  is  present,  therefore,  exactly^  the  quantity  of  or^gen 
which  the  metal  requires  to  combine  with  the  acid^  and  Ho 
water  remains  above  this  'y  or  it  may  be  iUustrated  under  another 
point  of  view.  Muriatic  acid  gas  is  composed  of  oxymuriatie 
gas  and  hydrogen.  A  metal  acting  on  it  must  attract  the  osky- 
muriatic  acid — that  is,  the  muriatic  acid  and  oxygen,  and  liberate 
the  hydrogen.  No  water,  therefore,  ou^ht  to  appear  more  on 
this  theory  than  on  the  other ;  but  the  real  products  in  bothimut 
be  a  dry  muriate,  or  chloride,  and  hydrogen  gas.  In  the  adtixtt 
of  isnited  metals  on  muriate  of  ammonia,  it  is  eaunBy  evident^ 
on  the  same  principle,,  that  no  water  ought  to  be  obtained.  How 
then  is  the  production  of  water  to  be  accounted  for  ? 

Though  the  water  obtained  in  these  experiments  cannot  be 
derived  from  hygrometric  vapour  in  the  gas,  there  is  another 
view  mider  which  it  may  be  regarded  at  present  as  an  adventi^ 
tious  ingtedient.    The  acid  having  a  strong  attraction  to  Water, 
may  be  supposed  in  the  processes  in  which  it  is  usually  pr^red, 
to  retain  a  portion  not  strictly  essential  to  its  constitutibn  «» 
muriatic  acia  gas,  but  still  chemically  combined^ — that  is,'  Com- 
bined with  it  with  such  an  attraction  as  to  be  Uberat&d  odf 
when  it  passes  into  other  combinations,  and  it  may  b^  i3m   • 
pcHTtion  wnich  is  obtained  in  the  action  of  metals  on  thb'  gas;  ) 
the  other  portion,  that  essential  to  the  acid,  being  sufficieni;  to  j' 
produce  the  requisite  oxidation  of  the  metal.  I* 

The  question  with  regard  to  the  existence  of  water  in  fliis  i 
state,  Gay-Lussac  and  Thenard  have  already  determined.  'Vibm  '-^ 
an  extensive  series  of  experiments,  they  found  reason  to  conclddei   r 
that  muriatic  acid  gas,  in  whatever  mode  it  is  prepaireil,  is  f 
miiformly  the  same.    From  the  quantity  of  hydrogeii  gas  ^ch 
combines  with  oxymuriatic  gas  in  its  formation,  it  foUiOwii  Alitit 
contains  0*25  of  water  essentia}  to  its  constitution.    B«t  tfae'gas 
obtained  by  the  usual  processes,  afforded,  they  founds  exacdy 
0*26  of  water,  when  transmitted  over  oxide  of  lead,  or  cotaibhied 
with  oxide  of  silver ;  and  the  same  compounds  are  formed  let  by 
the  action  of  oxymuriatic  acid  on  silver  and  lead  in  their  mebllic 
state.     Thev  prepared  muriatic  acid  gas,  by  heatitig;  fuiied 
muriate  ef  silver  with  dharcoal  moderatdy  calcined.  It  coAtained 
just  the  same  quantilT^  of  water  as  munatic  acid  obtained' fibm 
humid  materials,  as  it  afforded  the  same  quantity  of  hyifrtj^ 
from  the  action  of  potassium.    And  instead  of  being  icapaftfe  of 
receiving  the  smallest  additional  portion  of  water,  a  snugle'ibop 
of  water  being  introduced  into  three  quarts  of  it^  did  tlot  dUntp* 
pear,  nor  even  diminish ;   but,  on  the  contrary,  ine)re^k6ed'  m 
volume.*    These  facts  establish  the  conclusion,  that  ioadrittic 
acid  gas  can  receive  no  additional  portion  of  wat^  tyot'^flMit 
which  is  essential  to  it,  and  hence  preclude  the  solvitidii  of  itb^ 

"  1  *  '  ■ 

*  Rechercbes  Physico-chimiqnesj  torn.  ii.  p.  18S. 


r 


1818.]  Muriatic  Acid  Gas.  37 

4£[fficvilty  under  consideration  by  the  opposite  assumption.  And  it 
is  to  be.  remarked,  that  should  even  such  a  portion  of  water  exist 
in  the  sas,  it  cannot  be  suppoised  that  the  add  diiould  cany 
tbis'witn  it  into  its  saline  combinations,  and  retain  it  so  that  it 
should  not  be  expelled  by  heat.  It  cannot  be  supposed  to  exist, 
therefore,  in  muriate  of  ammonia  thus  heated,  and,  of  course, 
'  canaot  account  for  the  water  obtained  by  the  action  of  the 
metals  on  this  salt. 

Wjhen  it  is  proved  that  no  extrinsic  water  exists  in  muriatic 
,acid  gas,  there  remain  apparendjr  only  two  modes  on  which  the 
.production  of  water  can  oe  explained,  either  that  the  metal  may 
xecjuire  less  oxygen  than  is  supposed  in  combining  with  the  acid, 
BO  that  a  portion  of  water  will  remain  undecomposed  to  be 
deposited ;  or  that  the  oxide  attracts  more  real  acid,  so  as  to 
liberate  a. larger  proportion  of  water.  The  first  of  these  «uppo- 
sitions  is  improbable,  from  the  consideration  of  the  law  which 
regulates  the  combination  of  metallic  oxides  with  acids;  that 
the  mnantity  of  acid  is  proportional  to  the  quantity  of  oxygesi,  sb 
that  if  an  oxide  were  formed  in  these  cases  at  a  lower  degree  of 
oxidation,  it  would  only  combine  with  a  proportionally  smaller 
quantity  of  acid,  and  the  quantity  of  water  detached  from  die 
combination  would  be  the  same. 

No  improbability  is  attached  to  the  second  supposition  ;  and 
it  has .  even  some  support  from  the  consideration  that  many 
metallic  saline  compounds  form  with  an  excess  of  acid,  and  that 
it  is  difficult,  with  regard  to  a  number  of  them,  to  procure  them 
neutral.  Metallic  muriates,  with  excess  of  acid,  seem  in  parti- 
cular to  be  established  with  facility.  And  although  an  excess  of 
metal  he  present  in  the  action  exerted  on  muriatic  acid  gas,  this 
■  may  not  prevent  the  formation  of  a  super-muriate,  more  espe- 
.  daily  as  the  excess  is  in  the  metallic  form,  and  exerts  no  direct 
action,  therefore,  on  the  real  acid. 

To  ascertain  if  a  super-muriate  were  formed  in  these  cases, 

llie  product  obtained  from  the  action  of  the  muriatic  acid  on  the 

metal  was  raised  to  a  heat  as  high  as  could  be  applied  without 

volatilization,  so  that  no  loosely  adhering  acid  might  remain,  and 

the  air  in  the  retort  was  repeatedly  drawn  out  by  a  caoutchouc 

.    bottle.    The  solution  from  tne  residue  both  of  iron  and  zinc  was 

very  sensibly  acid.    Some  fallacy,  however,  attends  this,  fix)m 

■the  drcumstance  that  the  liquid  state  is  necessary  to  admit  of 

the.  indications  of  acidity ;  and  in  adding  water  to  produce  this, 

^ .  a  change  occurs  in  the  state  of  combination  in  a  number  of  the 

; .  metallic  muriates ;  a  supermjariate  being  formed  which  remains 

.'  in  solution,  and  a  submuriate  being  precipitated,  so  that  the 

-T  acidity  of  the  entire  compound  cannot  justly  be  inferred  from 

,^  Afaiat  of  tihe  solution.    I  found  accordingly,  that  on  adding  water 

,  i;to^tbe.  product  ttom  ^e  action  of  the  acid  ^  on  zinc  this 

*  change  occurs ;  a  little  of  a  white  precipitate  being  thrown  down, 

while  tile  Uquor  remained  acid«  But  the  fallacy  can  be  obxl^t/^d^i 
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hy  addiilg  6nly  as  much  water 'as  produces  fluidity  wtthoutsub- 
veilrting  the  combination.  Portions,  therefore,  of  theTesidue 
wer^  exposed  to  a  humid  atmosphere^  until  by  deUquesoence 
liquors  were  formed  transparent  without  any  precipitation ;  and 
these  were  strongly  acid,  reddening  Utmus  paper  when  it  Ivas 
perfectly  dry  and  warm.  I  further  found  that  tlie  product  of  the 
solution  of  zinc  in  liquid  muriatic  acid,  when  digested  with  an 
excess  of  metal  and  evaporated  to  dryness,  afforded  by  deliquisi- . 
cence  a  liquor  sensibly  acid ;  and  in  both  cases,  even  when  the 
solid  product  was  retained  liquid  by  heat,  acidity  was  indicsybod 
by  litmus  paper.  Lastly,  what  is  still  less  liable  to  objectioo, 
the  residue  in  the  experiment  of  heating  the  muriate  of  ammcnia 
with  the  different  metals,  afforded  similar  indications  of  aeidity. 

These  results  appear  to  establish  the  production  of  a  Biqitt- 
muriate  in  the  action  of  these  metals  on  the  acid,  an^  .this 
accounts  for  the  appearance  of  a  portion  of  water,  since,  suppos- 
ing water  to  exist  in  muriatic  acid  gas,  the  quantity  coQibined 
with  that  proportion  of  acid  which  would  estabUsn  a  neutral 
compound  is  tne  quantity  required  to  oxidate  the  metal  to  fonn 
that  compound ;  and  if  any  additional  portion  of  acid  enter  into  i 
•union,  the  water  of  this  must  be  liberated,  or  be  at  least  capable 
of  being  expelled. 

It  was  ot  importance,  in  relation  to  this  question,  to  asoertain 

the  quantity  of  hydrogen  obtained  from  a  given. quantily  of 

muriatic  acid  gas ;  for  if  the  whole  water  essential  to  the^aftud  is 

« decomposed  by  the  action  of  the  metal,  half  the  volume  of 

;  hydrogen. ought  to  be  obtained,  muriatic  acid  gas  beidg^'^m- 

rised  of  equal  volumes  of  oxymuriatic  gas  and  hydrogeb  g^. 
made  this  repeatedly  the  subject  of  experiment  by  heat^Jimc 

..eiid  iron  in  muriatic  acid  gas.    There  are  difficulties  in  S^^ 
mining  the  proportion  with  perfect  precision;  but  the^quiMity 

:  of  hycirogen  always  appeared  to  be  less  than  the  half;- and' <$n-an 
average,  about  12  measures  were  obtained,  when  30  meastbres-of 

.the  otaer.  had  been  consumed,  a  result  conformable  to  the  %be- 

.  ration  of  a  portion  of  the  combined  water  of  the  gas. 

Whether  the  production  of  water  in  these  experiments  i&  satis- 
factorily accounted  for  on  the  cause  now  assigned,  maybe 
subject  of  further  investigation.  In  the  sequel  I  shall  have  to 
notice  another  principle,  on  which,  perhaps,  it  may  faH  to  be 
explained.  Whether  accounted  for  or  not,  it  is  obvious  t&at 
the  fact  itself  is  not  invalidated  by  the  theoretical  difficulty ;  and 
also,  that  in  relation  to  the  ar^ment  with  regard  to  the  natare 
of  muriatic  and  oxymuriatic  acids^  it  remains  eqtiaUy  couchiaive. 
In  the  doctrine  of  the  undecomposed  nature  of  chlorine,  muiwtic 
acid  gas  contains  neither  water  nor  oxygen,  and  the  tnetal 
'  ■.  emplov^  certainly  contains  none.  These  are  the  only  substances 
brougnt  into  action,  and  it  is  impossible  that  water  should  b^  a 
produQt  of  thei^  operation.     On  the  opposite  doctrine,  water  is 

"^^Id  to  exist  in  i]Eiunatic  acid  gas  to  the  amount  of  ^^h  of  its 
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weight  ;*  and  it'  ifi .  conoeivabl^  that -by  some  exertion  of  ^i^^ities, 
a  portion  of  it  may  be  liberated4  .  If  we  were  unable  to  expla^ 
the  modus  omranaip  this  woidd  remain  a  difficulty  no  doubt,  but 
not,  -as  in  tne  of^ositeftyfitemi  an  impossible  result.  ,.    ! 

■  It  is  to  be  admitted,  indeed,  that  in  none  of  these  cases  is'th^ 
entire  quantity  of  water,  which  must  be  supposed  to  exist  "in 
mutiatioacid  gas  obtained;  and. so  fax  the  proof  is  defiQient'. 
Bat  neither  from  the  nature  of  the  einperiments  is  this  to'\ik 
looked  for ;  and  I  g^ve  more  weight  to  .the  argument  from  having 
diwuym  famd  certain  portions  of  water  to  be  procured;  whUje 
Oft  thQ- opposite  doctrine  there  should  be  none.  In  those  cas.ek 
where,  sunpoaing  water  to  be  present  in  miuiatic  acid  gas^  it 
OMgltt  to  be  obteined  in  the  nill  quantity,  it  uniformly  is  so, 
though  the  proof  from  these  is  rendered  ambiguous  by  the  result 
being  capdMe  of  being  explained  on  a  different  hypothesis. 

(To  be  coutimiedJ) 
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Cmdributions  towards  the  History  of  Anthrazothionic  Acid,  dlscor 
^)ered  by  Porrett,  and  called  by  him  Sulphuretted  Chyazic 
■  r.'Addi'  'By.Tbeodor  von  Grotthuss.* 


■  1 '    '.-If    7 


Secti'  If  Choice  of  the  Name. — The  name  which  Porrett  has 
giFcn  J;o.thi3  acid  is  formed  from  the  first  letters  of  the  names  of 
Uiejd§ni9|its.of  whichit  is  composed,  namely,  carbon,  hydrogen, 
snd^a^te.  At^  the  object  undoubtedly  must  hare  been  to  bnng 
4ftth^rrecollectionihQse  constituents  of  the  acid  about  which  no 
^daubt«exi^ts^  and  as  the  name  given  by  Potrett  was  unsuitable 
to  ;th#,  idiom  of  all  other  languages  except  the  English,  it  was 
natural  to  endeavour  to  cojrrect  the  want  of  euphony  of  Ihe  term 
by  alterations  which  should  still  recall  the  elements  of  which  the 
aoid  is  copiposed.  In  GeFmany  accordingly  the  term  sulphuret* 
ted prmsifi  add  {schwefel'blausaure)  was  pitched  upon.;  but  this 
nvoB  ifi.«adipissible  only  on  the  supposition  that  Porretfs  asser- 
tion that  ila3M  acid  is  a  compound  of  prussic  acid  and  sulphur  be 
teuo:..  But  from  the  experiments  which  I  am  goin^  to  relate,  it 
vill  be  se^n  that  it  contains  indeed  the  elements  of  prussic  acid, 
but: in  difierent  proportions ;  a^d  th^t  'neither  prussic  acid  nor 
tyisunogen  a9  such  exist  in  it.  Hence  the  last  term  canilot  be 
fqM^Iiod  tp  it  with  more  propriety  than  the  first  term. 

4  resolved^  therefore,  instead  of  Porrett's  name,  to  compose 
th^,:Jt$i^.  .^i^Ara^so^AzQT^iic  acid  (anthrazotMonmure)  fyov^  the 
•Gr^et.,  dn4ic^.ting  accurately  the  constituents  of  which  tins  acid 
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is  composed ;  and  I  hope  that  the  tenn  will  be  adopted  hT 
ehermsta.  It  is  compbeed  of  abbreviations  of  the  Greek  wor^ 
alSfai,  cktrrcdal,  a^aiji,  Sxote,  and  Snw,  Sulphur.  Ab  this  ^<M 
contains  no  oxygen,'but  hydrogen  (as  is  sufficiently  efitablbh^ 
by  Porrett's  experimitilts)  j  and  as  it  appears  from  my  experiments 
and  from  those  of  Porrett  that  when  exposed  to  the  action  of  the 
Voltaic  battery  its  sulphar  separates  at  tJie  positire  pole,  but  its 
hydrogen  wiUi  its  other  constituents  makes  its  escape  in  a 
gaseous  fonn  at  the  negative  poie,  it  follows  that  it  must  be 
considered  as  a  ht/dradd.  With  respect  to  the  name  hydradd, 
two  remarks  must  be  made.  1.  In  the  hydracids,  ana  consB" 
qnentty  in  anthrazothionic  acid,  it  has  been  shown  that  the 
hydrogen  acts  the  same  part  ihat  oxygen  does  in  other  acida,. 
and  that  it  is  substituted  for  it.  2.  At  present  no  other  apid  is 
known  composed  of  anlkrazotkion  (carbon,  azote,  aodsulpbur) 
and  oxygen.  I  have  not  been  able  indeed  to  obtain  the  prin- 
ciple, to  which  I  give  the  name  of  aiUhrazothion,  in  an  isolated 
state ;  but  I  conclude  from  analogy  with  cy^ogen,  and  from 
vanous  other  reasons  to  be  stated  bdow,  that  it  exists  at  least  in 
a  State  of  combination.  From  tliis  non-existence  of  a  combiniu 
tion  of  anthrazothion  and  oxygen,  1  conclude  that  the  principle 
is  not  liable  to  change  its  state.  By  the  term  autkrazothion,  1 
iaeOA  antbrazoth ionic  acid  deprived  of  its  hydrogen.  When  toia 
acid  coines'in  contact  with  easily  reducible  metallic  o^idep,  its, 
hydrogen  combines  with  the  oxygen  of  the  oxide,  and  foim^ 
water,  while  the  anthrazothion  forms  a  combination  with  the . 
reduced  metal.  ■    'i   ' 

I  may  remark  here  by  the  way,  that  those  acids  whose  radical 
becomes  acid  as  well  by  uniting  with  oxygen  as  with  hydrogen, 
may  be.  very  easily  distmguished  from  each  other  by  the  electro-. 
chemical  properties  of  the  radical.  Thus,  forexample,  sulphuric 
acid  might  be  called  schwi-fel^hissiiure  (sulphur  plus  aci^^  «ai|j 
sulphuretted  hydrogen  schwej'elminussdure  (salpnar  minus" aci^.f 
By  this  the  cacophony  of  the  frequent  repetition  of  the  syllgHp^" 
jfori^'would  be  avoided.*  'y"_ 

"^ect,  2.  Preparation  and  Properties  of  Anthrazothiondte  rf 
Potash. — Porretthaa  described  Afferent  methods  of  fonnihgthis 
salt,  which  may  be  seen  in  his  paper.  I  conceive  that  it  w3l  not 
be  superfiuQus  to  give  ao  account  of  the  way  by  which  I  procured 
it  in  a  state  of  punly. , 

One  p£irt  of  prussiate  Qf  potash  in  the  state  of  dry  crystals  ww 
rubbed  to  a  fine  powder  with  the  third  part  <^  its  weight  of ' 
sulphur,  and  the  mixture  beaten  doWn  firm  into  H  crucinej  Jn' 
th_e  botttim  of  which  a  little  sulphur  had  been  .pre viotisly  put.. 
This  KTocible  was  put  into  the  fir£,  covered^  raised  to  ered  faMt^ 
and  allowed  to  remain  at  that  temperature  forhalf  an  hour  0^/! 

■  Te  U  ubvioos  tiint  <he  preCrdinjc  ai-ctrun  Telaifs  eolifely  (0  (he  name!  Id 4b4i) 
Gcnnsii  l«f|r'tt||e-  T  l^nri  samr  riiScnltj  ia  making  it  ifititifiUttoibefyMkil 
reader,  aiidain'i)oinretIiiitIh»vciueGceded.—r.  ■."'"T,  ,..■ 
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lorigfef.'^  Ffoni  thie  very  first,  a  peculiar  penetrating  substanc^ 
was  disengaged,  having  a  peculiar  smell  (which  is  not  simiW 
tb  that  of  prussic  acid).  When  iei  burning  body  is  brought  into 
contact  with  this  substance,  it  takes  fire,  and  bums  with  a  lieht) 
\trhit0  flame  mixed  with  blue,  which  may  be  extinguished  pifs 
again  putting  the  cover  over  the  crucible.  This  gas  is  either  ther 
cyanogen  discovered  hy  Gay-Lussac,  or  prussic  add ;  for  if  a; 
papeir  moistened  with  hquid  ammonia  be  held  over  it  for  a  while, 
it  gives  with  an  acid  solution  of  oxide  of  iron  excellent  pru^siaa 
btn^ ;'  bnt  I  have  not  made  any  more  accurate  experiments  on  it^ 
The  mass  in  the  crucible  concretes  together,  melts,  assumes  aa 
appearance  very  similar  to  graphite,  and  shows  here  and  there, 
pitfticularljjr  along  the  fracture,  a  quanti^  of  small  metallic  specks,, 
similaj*  to  iron  with  a  silvery  lustre.  When  at  this  period,  the 
firid  iW  raised,  by  blowing  to  a  white  heat  there  comes  over  ^t 
la^  another  gas,  the  bubbles  of  which  as  soon  as  they  pass 
thrbu^  the  melted  ^phite-looking  matter  take  fire  in  toe  air 
of  theii*  6wn  accord.  A  white  flame  and  weak  explosion  cha^ 
ra6tetize  this  combustion.  If  a  polished  plate  of  steel  be  held 
ovef  the  cruciblie  at  this  period,  it  becomes  covered  with  subtile 
flpbks  of  a  whitish  grey  colour,  which  act  as  an  alkali  uponturr 
nleri6*  bapejr.  As  the  gas  is  always  distinguished  by  the  peculiar, 
sfiefl  alf eady  mentioned,  and  as  it  always  forms  prussian  blue 
wfien  tifeitea  ^Ih' liquid  ammonia  and  an  acid  solution  of  oxide 
or%rtin^\it'inuist  consist  of  cyanogen  mixed  with  potash,  or  of 
piti^sifi  lacidedis  containing  potash.* 

Sect.  3.' — ^The  black,  j^phite  looking  matter  in  the  crucible 
i8^ii6^  iDcfiwred  to  cool,  it  is  taken  out,  rubbed  down  to  powder, 
aiAl's^'^6'dijgest  in  alcohol.  Afler  some  time,  the  hquid  is  passed . 
thrdAgh'the  filter,  and  a  new  portion  of  alcohol  poured  upon  tha 

EiiWAeT,'  This  digestion  of  new  alcohol  is  continued  till  the 
tft&d.  c^^es  to  alter  the  colour  of  solutions  of  iron.  /Pie  alco* 
hrad' solution  is  usually  colourless  and  transparent,  though 
soitii^tnnies  it  has  a  blood  red  colour,  owing  to  the  presence  oi  a 

from  which  it  is  easy  to  free 
the  alcohohc  solution  of 


portion  of  anthratothionate  of  iron,  fro 
It  ^by  the  addition  of  a  few  drops  of 


*  ,Wbeii  Uicexpjoineat  is  repeated  in  proper  metallic  tabes  (which  better  keep 
off  the  action  of  atmospherical  oxygen),  there  can  be  no  doubt  that  potassium  will 
be  obtained  at  a  lower  temperature,  and  with  greater  ease,  than  by.the  method 
hiterto-  prrafitised.  Ought  not  this  gas  to  be  formed  when  potastiitim  is  heated  in 
cyimog^  i  Aod  ^lught  not  the  hydrogen  gas,  which  remains  liehind  when  the<*xces8 
cf  cyaoogeo  is  absorbed  by  potAsli>  to  be  ascribed  to  the  decomposition  of  (he  water 
'whfeh  the  potassium  in  the  cyanogen  finds  in  the  potash  ?  Gay-Lussac  found  thai 
when  4S  or  50  volvmei  uf  cyanogen  were  combined  with  potassium,  the  remaining 
cjjiQOiCli*  aflerit  bad  beea  absorbed  by  potash  (which  always  contains  moisture), 
wtla  reiyUJpom  amopotiBg  to  13  parts.  But  this  is  an  equivalent  to  24  volumes  of 
hyAlTocyahTc  acid :  hence  it  follows  that  the  cyan"gen  under  examination  must 
have  contained  the  third  of  its  volome  of  hydrocyanic  acid.  WUen  we  consider 
C>fty-L«882ic*9  ttccarac;^,  and  the  excellent  apparatus  and  reagents  which  he  had  At 
hiulls^ortdy  SO' great  an  impurity  in  the  cyanogen  prepared  by  hiiPi  and  contrary  io 
hU  wishes,  to  very  onlikely. 
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j^tash.'  The^oxide  of  iron&iiB  down,  the  red  colour  vKsapp^^, 
■and  the  liquid  .Trben  filtered  becomes  quite^)otouil^s&:  '  it-ijOft- 
taini&putie  o;rM/via;b^//toiui^e  o^jMittfsA,  iivliich  by  ^htleeii^aporai^ 
tioh  IB  obtained  in  long  channelled  prisms  termmated  by  four- 
sided  pyrluividsi  It  frequently  crystaUizes  likewise  in  longv  white, 
brillia!kit  needles ;  it  is  much  more  soluble  in  boiling  than  in  qc;^ 
tlcohoL  Hence  it  frequently  ha^xpens  when  a  glass  is  half  fill^ 
with  a  boiling  hot  saturated  solution  of  this  alcohol,  that  the  eadt 
during -the  cooling  shoots  up  from  the  bottom  of  the  glass  in 
brilliant  needles,  me  ends  of  which,  inconsequence  of  the  adhe- 
nion  of  the  Uquid  and  its  universal  contraction,  are  some  Iki^ 
higher  than  the  surface  of  th£  solution. 

Sect.  4««— Anthrazothionate  of  potash  has  at  first  a  hot  taste, 
similar  to  that  of  radishes,  but  leaves  in  the  mouth  a  coohng 
salt  impression.  In  summer,  when  placed  in  dry  air^  it  retains 
its  crystdline  form  unaltered ;  but  as  soon  as  the  air  becomes  in 
the  least  moist,  for  example,  a  little  before  the  dew  begins  to 
fall,  at  six  in  the  evening,  it  becomes  Uquid,  and  remains  m  that 
state  till  ten  o'clock  the  following  morning.  When  it  has  not 
become  solid  by  that  time,  or  at  the  latest  by  11  o'clock,- it  is  a 
proof  that  the  atmosphere  is  moist;  and  we  may  prediet  trith 
gome  probability  that  it  will  rain  either  on  that  day  orthefdlow- 
ing  one.  For  such  an  experiment  the  salt  must  not  be  expMed 
to  the  sunshine,  but  placed  in  the  open  air  in  a  watch 'glaa8,imd 
in  a  plkce  moderately  shaded.  The  remarkable  ddicacy>with 
which  this  salt  indicates  the  hygrometrical  changes  «f  the  atq|M>- 
spbere,  the  readiness  with  which  it  gives  out  the  water  whidi  it 
has  albsorbed  when  put  into  a  dry  place,  fit  it,  I  think^ipartidu- 
laiiy  for  hygroscopical  investigations  ;  and  if  it  wereplaoed^upcm 
a  scale  properly  balanced,  it  would  form  an  excellent  hy^jgm- 
meter.  When  exposed  to  heat  in  a  glass  tube,  it  meto  quietly 
into  a  colourless  and  gIass4ooking  mass,  which  on  cooliiig  con- 
geals again  in  crystals.  It  is  capable  of  bearing  amuch  hi^ier 
temperature  without  decomposition  than  prussiate  of  potaidh 
However,  when  it  is  exposed  to  a  red  heat  in  certain  metalic 
vessels^  for  example  in  silver,  sulphuret  of  silver  is  formed  wUd) 
blackens  the  metal,  and  at  the  same  time  ammonia  is  produoed. 

Serf  5. — Diluted  aulphuric  acid  drives  off  the  anthrazothicNtic 
acid  undecdmposed.  We  may,  therefore,  by  its  mea]i3  enaly 
obtain  this  aoid  in  a  free  state  in  a  proper  receiver.  The  tedious 
and  eomrplicated  method,  therefore,  which  Porrett  has givenfiir 
obtaining  it  is  (]^uite  unnecessary.  Concentrated  suiphuric  ttaid 
divves  off  only  a  part  of  the  acid  undecomposed  from  theantjhnir 
tsothi^^nate  of  potash.  TheTemainder  undergoesadeeompoaitiott: 
an  effervescence  takes  place;  the  sulphur  separates  in  flooks, 
.wbild  carbonic  aicid  gas  and  sulphnrous  acid  gas  fiy  off;  'But 
th^  moot' remarkable  -ciroomstance  (which  Porrett  seems  to  have 
«ntit^  overlooked)  is  that  during  this  decomposition,  which 
'l^^s  on  rapidly  wben  assisted  byneat,.,;?o  trace  of  az^ic gti^ 
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Oflfe^mr'Aut  the  whole  of  it  is  converted  ^into-  timmoniay-  9»hi(^ 
umiiGflwith'  the  sulphuric  acid.  The  ammonifdnay  be  dateoteKl 
by  fiQunng  aa  excess  of  concentrated  potash  ley*  tipon  the  liquid 
■aflter  the-  chemical  action  is  at  an  end.  A  very  strong  smQU  of 
amikioma  immediately  becomes  sensible^  especially  if  heat -be 
applied.  This  observation,  as  will  be  seen  below,  was  of  great 
importance  to  me  in  forming  a  true  notion  of  the  nature  of 
anthrasothionic  acid. 

:  Sect,  6.— Common  concentrated  muriatic  acid  likewise  separ 
rates  the  acid  from  the  salt  without  decomposing  it ;  but  it  is  iiot 
i^^uke  pore,  being  mixed  with  muriatic  acid.  Concentrated  liquid 
chlorine  prepared  by  pouring  concentrated  muriatic  acid  upon 
.chlorate  of  potash  decomposes  the  salt  qitite  in  the  same  way  as 
4XMikcentrated  sulphuric  acid :  the  sulphur  is  precipitated  in 
lyellow  flocks ;  but  when  the  salt  is  mixed  in  the  first  place  with 
chlovate  of  potash,  and  then  muriatic  acid  poured  over  it,  no 
sulpihur  separates,  but  it  is  completely  converted  into  sulphuric 
acid>:  while  the  anthrazothionic  acid  is  completely  decomposed. 
At  the  same  time  muriate  of  ammonia  is  formed  aud  carbonic 
aoid  is  disengaged. 

' !  SnNiking  nitcic  acid  when  poured  upon  the  salt  occasions-  a 
violtot  effervescence,  nitrous  gas  and  carbonic  acid  ar^  give«off, 
:whit^/the  sulphur  separates  in  substance. 
.:;i:6piike  Viegetable  acids,  as,  for  example,  tartaric  acid;  are 
tapablo  of  sepacaiing  the  anthrazothiomc  acid  from  the  salt, 
e^cx^ialiy:  whep  assisted  by  heat. 

'  '.lSe<Jt«r  7«r^In  no  one  of  the  decompositions  performed  by  means 
ofiliie  dif&rent  mineral  acids,  though  they  were  often  repeated  by 
iQ(Q^thaT6,I  been  able  to  perceive  so  much  as  a  trace  either  of  iiruj- 
WiEKiAot  6i  cyanogen  in  a  free  state,  though  I  examined  botn  the 
liquids  tbali  came  .over  into  the  receiver  and  those  whioh  remained 
bdhiodrin  the  retort.  No  prussian  blue  was  ever  formed  when 
Ihi^jtvere  treated  with  ammonia  and  an  acid  solution  of  oxide 
d£droii.  Hence  1  consider  myself  iis  entitled  to  conclude  with 
lilieigreatest  certainty  that  neither  cyanogen  nnr  prussic  acid  tfx 
iwkare  elements  of  anthrazothionic  acid.  And  this  conclusion 
WxLOt  only  confirmed  in  the  fullest  manner  by  the  decomposition 
of  (the  acid  by  means  of  the  galvanic  battery ;  but  also  by  the 
docompositions  of  the  various  combinations  of  anthrazothionic 
acid  by  means  of  heat  to  be  related  below.  As  Porrett  affirms 
the  contrary  of  this,  there  can  be  no  doubt  that  he  must  have 
operated  upon  a  salt  containing  a  prussiate  mixed  vrith  it.  Utiis 
would:  be  more  readily  the  case  as  he  employed  no  alcohol,  and 
indeed  no  method  whatever  to  free  anthrazothionate  of  ^potash 
feomthe  prussiates. 

'\,Secii'%jr^Ti\iexQ  are  much  stronger  grounds  for  concluding 
iroib.  what  has^  been  already  stated  that  ammonia  is  one  of  the 
immediate iconstituents  of  anthrazothionic  acid*;  paradoxical  as 
4t;>m«;p  aeem  that  an  alkali  should  constitute  an  element  ^^  «^ 
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«oid;  for  in  all  oases  in  which  this  acid  was  de^onipoaed  by 
means  of  sulphurio  acid,  or  chlorine^  I  have  been  able  at  last  to 
ijktect  the  presence  of  ammonia  by  means  of  potash  ley.  Strong 
white  clouas  made  their  appearance,  when  a  feather  dipped  in 
acetic  acid  was  held  over  the  Uquid,  and  the  ammonia  at  last 
became  sensible  by  its  smell.  We  might,  perhaps,  conclude, 
that  when  the  anthrazothionic  acid  was  decomposed,  the  water 
of  the  acid  employed  to  decompose  it  (chlorine  or  sulphuric  acid) 
•upplied  the  hydrogen  for  the  formation  of  the  ammonia;  by 
touting  with  the  azote  of  the  anthrazothionic  acid,  while  ike 
oxygen  of  the  water  might  unite  with  the  carbon  of  tJAt  add 
and  fonn  carbonic  acid;  but  in  that  case  cammofi  mHriaticiOcid 
TBOLtist  be  capable  of  producing  the  same  decomposition.  Now  as 
this  is  not  tne  case,  I  conclude  that  the  hydrogen  which  soes  to 
4he  fonnation  of  aiAmonia  during  the  decompolitioD  dmSthaTe 
been  furnished  by  the  water ;  but  must  undoubtedly  hn^re  existed 
in  the  anthrazothionic  acid  itself  together  with  the  azote  ia  the 
zerp  proportion  adapted  for  the  formation  of  ammonia. 

Sect.  9.<~If  a  concenUated  solution  of  anthrazothionata  of 
potash  in  water  be  exposed  to  the  action  of  a  good  Voltaic  bat- 
tery, a  great  evolution  of  gas  takes  place  at  the  nejgative  pole. 
This  gas  has  a  pecuUar  smell,  similar  to  that  of  the  inflammaMe 
gas  from  marshes.  It  is  itself  combustible,  and  when  .burned, 
:  .carbonic  acid  gas  is  formed,-  and  there  remains  a  residuum  pf 
iUEOtic  gas.  I  consider  this  gas  as  a  triple  compound  tofo^i^iH^, 
liydrogen,  and  azote  ;  though  indeed  it  may  be  only  a  mi^ltiure 
or  carburetted  hydrogen  and  azotic  gas.    At  the  positive  pole^nQ 

S»  is  extricated;  the  liquid  from  the  sulphur  contained.ia.it 
comes  yellowish,  and  at  last  allows  the  greater  part  of  rthe 
sulphur  to  precipitate  in  large  flocks.     If  silver  oranyiodier 
easily  sulphuretted  metal  be  placed  in  contact  with  the  positive 
.pole,  it  becomes  immediately  black  by  entering  into  combination 
with  the  sulphur;  at  the  negative  pole  it  remains  completely 
white.    It  is  possible  that  it  may  form  a  hydrate  there, .  uiCHign 
the  supposition  is  not  very  probable.    The  Uquid,  afiber  having 
been  exposed  for  same  hours  to  the  action  of  a  battery  of  100 
pair  of  round  plates,  nine  inches  in  diameter,  was  tried  at  both 
•poles  to  discover  in  it  the  presence  of  prussic  acid,  nitric  acid, 
and  ammonia ;  but  not  a  trace  of  one  of  these  bodies  could  be 
found.    The  hquid  from  both  poles,  when  mixed  with  a  sohitipn 
of  iron  in  an  acid,  struck  a  blood-red  colour,  which  must  be 
ascribed  to  the  presence  of  undecomposed  anthrazothionate  of 
potash.    The  sulphur  at  the  beginning  of  the  process  remained 
m  solution  at  the  positive  pole,  and  gave  the  Uquor  a  <yeBow 
colour.    This  shows  us  that  anthrazothionic  acid  is  capable  of 
-  existing  with  two  proportions  of  sulphur,  namely,  a  minimum^ 
and  a  maxtrnvm.    In  this  last  state  it  must  f<Nrm  pecmliftrLoein- 
[  pounds  with  the  bases,  which  deserve  hereafter  to  be  aocurktfely 
•  examined.    If,  as  Porrett  supposes,  the  acid  weiie  a'complggm 


18)9.]  Histiny  of  AmtkresuMiomc  Acid.  46 

of 'praMic  flisad  (or  cyanogen)  and  sulphur,  the  former  of  thate 
cdnstitaeiito  woidd  nave  appeared  in  abundance  at  the  nesatiife 
pole ;  and  the  liquid  finom  that  pole  when  mixed  with  a  aomtioii 
of  iron  and  an  acid  would  have  formed  a  great  deal  of  pruasiaa 
Mue.  • 

Sect.  10. — One  part  of  dry  anthrazothionate  of  potash  being 
mixed  with  five  parts  of  chlorate  of  potash  was  inflamed  by  fine- 
tion  and  pereuflsion.  Concentrated  sulphuric  acid  inflamed  the 
mixture  still  more  violently;  and  when  the  experiment  was 
attempted  in  a  slass  tube,  a  dangerous  detonation  took  fisaat. 
The  copper  anttirazothionhydrate,  considered  by  Porrett  as  an 
anthrazomionate  of  copper,  exhibits  the  same  phenomena  an 
Porrett  has  remarked.  1  was  in  hopes  in  this  way  to  have  been 
able  to  have  collected  the  azote  from  this  last  compound,  and  to 
have  determined  its  quantity  in  a  glass  tube  over  mercury ;  bot 
the  instant  the  sulphuric  acid  came  in  contact  with  a  quarter  of 
t  grain  of  hydrate  and  Ij.  gr.  of  chlorate  of  potash,  a  violent 
detonation  took  place,  the  tube  was  broken  to  pieces*  in  my 
hand,  and  I  received  some  slight  wounds  from  the  fragments  of 
Ae  ^ass  scattered  about  in  all  directions.  On  another  occasion, 
^  same  mixture  took  fire  while  I  was  rubbing  it  slightly  in  an 
ftgalje'  mortar. 

^ct.  1  l-i  Metallic  Anthraxotkionhydrates. — I  consider  all  those 
bolky*  insoluble  precipitates  which  take  place  when  a  solution  of 
tothirazothionate  of  potash  is  poured  into  a  solution  of  an  easfly 
ii6dhioible  metal,  ^  as  compounds  in  which  the  metal  exists  in  die 
metdlio  stote  united  with  the  anthrazothionic  acid  deprived  of  its 
hydtoetsn;  that  is  to  say,  with  ctntkrazothimi^  and  with  the  water 
ferased  by  the  union  of  the  hydrogen  of  the  acid  with  the  oxygen 
of  the  oxide,  constituting  a  melallic  anthrazothumhydrate.  The 
fdQowing  observations  exhibit  the  grounds  of  this  opinion, 
l:  When  this  precipitate  is  heated  in  a  glass  tube,  after  navia? 
been -dried  for  a  day  in  a  temperature  between  122^  and  144^^  it 
tfways  lets  go  a  notable  quantity  of  water,  which  collects  in  the 
-tool  part  of  the  tube  in  tne  state  of  drops.  2.  This  water  cor- 
tesjbonds  (at  least  I  have  found  this  to  be  the  case  in  the  copper 
imtnrsdBolliionhydrate)  to  the  sum  of  the  oxygen  in  the  oxide  and 
cf  the  hydrogen  im  the  acid.  3.  During  the  escape  of  the  water, 
wlnck  tokes  place  at  a  temperature  considerably  under  a  red 
healt,  the  colour  of  the  substance  distinctly  alters  and  becomes 
dark  s  at  the  same  tkne  there  separates  a  pecuhar  gaseous  body 
with  a  particular  smell,  which  I,  both  from  the  analogy  of  cya-^ 
nogen,  and  because  it  is  abwrbed  by  ammonia  and  then  itrikes  a 
Mwd'Ted  colour  tsith  a  solutionqfiron,  consider  as  anthrazothion.* 

*  I  fegm  TCfTf  mvdt  diat  I  tev«  not  been  able  to  bring  forward  more  direct 

f  Fooli  sf  thecsifltence  of  anlhrasotbioD,  as  no  method  which  I  attempted  sacceeded 

■  nitb  BM.ia  tfSftuaUing.ii  from- the  metaUfcanthrazothion  comppnodd  and  procahnf 

it  in  a  ttfunkt  slafe.    l*orrett  must,  hi  hte  c^eriments  also,  Init^eikiployed  onl^  « 

vtry  tiufell  ^ulistity  of  tbii  sabstiuioe,'    II  it  mncli  ciiier  to  pTQCut!&>t>fmsM^p9^Vft 
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The  greatest  part  <!>f  the  sulphur  unites  itself  wkh  the  metal  fentf* 
ing  aaulphnret;  azole>'  or  rather  carburetted  azotic  gts/is  gtyea 
on,  a-  portion  of  the  carbon  remains  long  behind,  aiidbjp^  tlu»'' 
increase  of  heat  and  the  free  admission  of  air  it  glows  like 'a 
pyrophorus,  a  Uttle  before  the  temperatuvt  rises  to  redness. 
After  this  pyrophoric  appearance,  but  not  before,  sulphate  of  - 
copper  may  be  washed  out  of  copper  anthrazotiiionnydr«te> 
4.  The  metallic  sulphuret  which  remains  behind  after  the  hydrate 
has  been  exposed  to  a  red  heat  without  the  access  of  air,  con- 
tains the  metal  in  the  metallic  state.  Nitric  acid  dissolves  it 
when  assisted  by  heat  with  the  evolution  of  abundance  of  nitrous 
ffas,  and  leaves  the  sulphur  behind.  5.  The  copper  anthrazo^ 
Siionhydrate  is  not  sensibly  attacked  by  concentrated  muriatic 
acid  even  at  a  boiling  temperature,  provided  care  be  taken  not* 
to  allow  any  oxidizing  substance  to  come  in  contact  with  it  ^  but 
if  a  httle  of  any  such  substance,  for  examjde,  of  chlorate  of 

Sotash,  be  added.,  the  copper  is  oxidized,  and  the  anthxazcthion 
ecomposed.  If  this  munatic  solution  be  evaporated  to  dryness,- 
and  the  dry  mass  mixed  with  potash  ley,  a  strong  smell  of  amttMW 
nia  becomes  perceptible.    Now  if  the  metal  in  this  compmmd 
were  in  ihe  state  of  an  oxide,  concentrated  muriatic  acid  wouM- 
surely  be  capable  of  separating  the  acid  from  the  oxide,  as  lit 
does  from  all  the  alkaline  anthrazothionates,  and  evetiwidi^' 
much  ^ater  facility ;  but  this,  however,  is  not  the  easel    Thei 
muriatic  acid  is  never  able  to  dissolve  the  metal  till  cm  oxidizing;  i 
bo(fy  comes  into  play  and  gives  out  its  oxygen  to  the  ipetbl.^'- 
6.  During  the  combination  of  anthrazothionic  acid  wiA  ^Bfuc^ 
reducible  metals,  the  former  must  undoubtedly  reduce  the  lattery  • 
because  three  of  its  elements,  namely,  hydrogen,  sulphur,  oark-- 
bon,  are  capable  of  reducing  not  only  these,  but  many  others  to 
that  state;  and  the  fourth  element,  azote,  is  at  least  neutral,  if 
it  does  not  rather  promote  disoxidation.    Ought  not  then  the' 
hydrogen,  the  most  disoixdizing  of  all  the  elements,  be  capabledf^ 
reducing  these  oxides  to  the  metallic  state,    since  the  watev' 
thereby  produced  may  combine  with  the  metalUc  anthrazotihicm 
(or  ant&razothiottide,  if  that  name  be  preferred)  and  form  « - 
hydrate  ?    7.  To  show  in  the  last  place  that  the  opinion  whieh  h- 
entertain  respecting  these  compounds  is  at  least  not  more  hypo^ . 
thetical  than  Porrett's,  I  may  observe  that  hitherto  nobody  ttas 
been  capable  of  deciding  certainly  about  the  way  in  which  the 
elements  are  united  in  a  compound.    Nobody  can,  for  examplet- 
in  this  case  show  that  the  hydrogen  of  the  acid  does  not  unite - 
with  tiie  oxygen  of  the  oxide  (which  from  the  preceding  obser^ - 
vations  is  hignly  probable) ;  but  that  the  former  remains  in  the* 
acid,  and  the.  latter  in  the  oxide,  after  these  two  have  united 
together  and  constituted  a  new  body.     In  this  point  of  vieiT 

qiUMititirs  than  anthrazoihioo ;  because  some  of  the  cyanogen  compounds  are  porf* 
pa^e'(l  oh  a  large  scale,  and  nay  be  had  in  quantities,  while  no  anthrazothiob  cov*' 
poumli  are  to  be  met  with  in  apothecaries'  shops. 
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botk  lO^ittiom  appear  equally  valid ;  while  the  former^  fiom  the: . 
reason  fitatedi  and  from  the  properties  of  the  metalhe  aDthraio^.! 
thtonhydrates,  seems  to  me  much  more  likely  tb  be  the  true  one.,  i 
'  JSect ^.12»  Properties  of  same  metallic  Antkrazothionkydratei*  , 
*-a.  T^at  of  silver  is  white,  -curdy;^  and  very  voluminous  ;  it  has. 
some  resemblance  to  muriate  of  silver,  and  becomes  black  by 
exposure  to  the  atmosphere,  at  least  if  it  has  been  treated  with 
ammonia  cmd  well  washed ;  but  it  does  not  become  so  black,  as 
muffiate  of  silver ;  from  which  it  is  very  easily  distinguished,  asi 
it  is  not  soluUe  in  ammonia.    In  this  respect  it  resembles  iodide, 
of:  silver,  vdth  which,  however,  it  cannot  be  compared  in  iftsi 
othex  properties.     U^uid  chlorine  forms  with  it  muriate  of 
silver,  sulphur  is  precipitated,  ammonia  formed,  and  carbonic 
add  ^ts  evolved.    Chlorine  jproduces  the  same  effect  upon  all 
tltt  ouier  metaUic  anthrazothionhydmtes. 

lb.  The  anthrazothionhydrate  of  gold  is  capable  of  assuming 
difG^rent  colours,    according  to  the  way  that  it  is  prepared. 
When  treated  with  muriatic  acid  and  water,  it  becomes  gra-* 
dually  of  a  dark  purple  colour.    When  the  dark  precipitate  ia 
put  into  a  concentrated  solution  of  antbrazothionate  of  potash,  it 
assumes .  a  light  flesh  colour,  doubtless  because  it  enters  into 
combination  with  a  little  of  the  antbrazothionate  of  potash^ 
Shoidd  not  the  analogy  of  the  formation  of  white  prussiate  of  ■ 
iron  be  attended  to  here  I  When  the  flesh  coloured  substance  is. 
p))l<intO'.muriaticacid,  it  becomes  dark  purple.    Potash  deprives: 
It  of  «  part  of  its  anthrazothion,  and  sives  it  a  yellow  colour.  Tha 
pnacipaate  .wh«a  first  formed,  and  even  ai£er  being  dned,  is 
v^:  YOluminous.'    The  anthrazothionide  of  gold  is  soluble  in 
li<jpiid  antbrazothionate  of  potash,  and  the  solution  has  a  dark- 
red  colour.     I  added  an  excess  of  antbrazothionate  of  potash  to 
aaaeutral  solution  of  gold  in  muriatic  acid,  and  then  filtered  the 
liquid ;  it  passed  through  the  filter  dark  red.    Some  drops  of 
anmonia  threw  down  a  black  powder  from  this  hquid,  and  thQ 
dark  red  colour  disappeared. 

t*  The  anthrazothionhydrate  of  mercury  is  white  and  bulky, 
aad  'is  formed  by  double  decomposition  only  when  the  metal  is 
inf.scdution  in  an  acid  in  the  state  of  protoxide.  The  solution  of 
corrosive  sublimate  is  not  precipitated  by  anthrazotiiionate  of 
potash ;  but  if  apiece  of  tin  be  put  into  the  mixture,  the  anthret- 
zothionhydrate  of  mercury  is  precipitated  mixed  vnth  metallic 
mercury.  It  would  seem  that  when  the  metal  of  an  anthraxo* 
thionhydrate  contains  more  oxygen  than  the  hydrogen  of  the 
acid  is  capable  of  taking  up,  and  when  in  this  state  it  is  in 
»slution  in  an  acid,  it  is  capable  of  forming  with  anthrazothionie 
acid  by  means  of  double  decomposition  a  soluble  anthrazothion'- 
ate^  but  not  an  anthrazothionhydrate. 

d.  The  anthrazothionhydrate  of  platinum  is  yellowish,  bulky, 
and  easily  soluble  both  in  acids  and  in  liquid  muriates..    From 
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tliese  last  tohtions,  alcohol  throws  down  the  hydrate  uxyeilowidi 
white  flocks.* 

The  alkalies  and  the  non«oxiilizing  acids,  when  no  oxygen 
can  interfere,  appear  incapable  of  producing  any  effect  upon  the 
metallic  anthrazothionhydrates. 

Sect.  13.  Anthrazotluonate  of  Iron. — This  compound  when 
seen  by  transmitted  light  appears  blood-red ;  by  reflected  light  it 
aj^ears  auite  l>lack,  uiough  now  and  then  it  snows  a  dark  green 
metallic  lustre  on  the  suriace.  It  deliquesces  in  th6  air,  and 
cannot  be  obtained  in  the  state  of  crystals.  Acids  deprive  it  di 
its  iron  oxide,  and  alkaUes  of  its  acid.  In  both  cases  the  pecuUar 
colour  which  distin^shes  it  disappears.  It  is  exceeding 
soluble  in  absolute  alcohol,  which  enables  us  to  obtain  it  in  a 
state  uf  great  purity;  it  has  a  disagreeable,  styptic,  metalhc 
taste.  This  property  which  anthrazomionic  acid  has  of  striking 
a  strong  red  colour  with  oxide  of  iron  renders  the  anthrazothi<m- 
ate  of  potash  a  very  useful  reagent  for  detecting  the  presence  of 
that  metal.  It  is  incomparably  a  more  delicate  test  than  pn»- 
siate  of  potash,  though  not  quite  so  delicate  ^s  the  infusion  of 
nut-galls.  When  an  alkaline  carbonate  is  present  in  a  mineial 
water  together  with  carbonate  of  iron,  as  is  tne  case  iadelenaiur 
watery  in  that  case  neither  anthrazothionate  of  potash  nor  prus- 
siate  of  potash  is  capable  of  detecting  the  presence  of  the  udd; 
we  must,  therefore,  in  the  first  place,  neutralize  the  carbonate 
by  means  of  a  stronger  acid ;  then  the  liquid  will  strike  a  red 
colour  with  anthrazothionate  of  potash.  The  red  colour  of  an- 
thrazothionate  of  iron,  when  applied  to  organized  bodies,  as  skins, 

Saper,  linen,  wool,  silk,  is  veiy  fugitive,  because  the  acid  gra- 
ualty  makes  its  escape.    Perhaps  it  mi&^ht  be  fixed  by  means 
of  a  mordant.        _  -l~  6  3 

Sect.  14.  Constituents  of  Anthrazothionhudrate  of  Copper ,r^ 
This  compound  is  formed  when  anthrazotuionate  of  potash  is 
mixed  witn  a  solution  of  co|^er  ipid  a  disoxidizing  body,  as,  for 
example,  sulphate  of  iron  is  added  to  the  mixture.  From  th^ 
origin  of  this  white,  bulky  precipitate,  described  by  Porrett,  it 
seems  to  follow  that  the  hyarosenin  the  acid  is  not  su£Scient  te 
convert  the  whole  oxygen  of  me  oxide  into  water.  Hence  ths 
reason  why  the  assistance  of  a  disoxidizing  substance  is  necessary 
for  the  formation  of  the  hydrate.  Porrett  considers  this  coni» 
pound  as  an  anthrazothionate  of  copper,  and  states  its  conqjki* 
tuents  at  36*855  acid  and  63*145  oxide  of  copper.  But  it 
contains  a  notable  quantity  of  water,  though  Porrett  affirms  the 
contrary,  even  when  it  has  been  long  dried  in  as  high  a  temper^ 
atore  as  it  can  be  exposed  to  without  altering  its  white  coionr 
(which  would  in<ficate  a  decomposition) ;  for  when  it  is  heated 

•  The  properties  of  the  ulhrasothionh^drate  of  copper  have  been  already 
tocribed  by  Porrett. 
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A^a.gtasa' tdb%  laree  drops  o(  water  are  depiosifiedift- the  oo^l 
part  of  the  tabe.  We  must,  therefore^  consider  it  a9  ai  hydrate; 
PhL  the  propctetions  of  the  conititaentEr  as  given  by  Porrett 
Mraiie  tabe«ltered. 

Three  grains  of  the  hydrate  being  exposed  to  heat  till  they 
Inoame  dark  oojonred  gaVe  out  f  gr.  of  water.  Hence  it  follows 
that  •^  of  the  weieht  of  this  hydrate  is  water. 
-  It  la.oimoufl  likewise  that  the  metal  must  exist  in  the  hydrate 
in, the.  metaUic  state,  since  the  hydrogen  of  the  acid  reduces  the 
fcddcv  9i  &et  whioh  caa  be  evidently  observed  even  during  the 
{brmation  of  this  hydrate ;  for  when  the  alcoholic  solution  of 
VEithrazothionate  of  potash  is  mixed  with  liquid  acetate  of 
oopper,  we  can  perceive  at  the  instant  of  the  mixture  a  brown 
copper  colour  uf  on  the  surface  of  the  liquid,  which  disappears 
lifter  the  hydrate  is  completely  formed,  in  this  case  either  the 
alcdbiol  or  ihe  acetic  acid  must  act  the  part  of  a  disoxidizing 
body.  The  necessity  of  the  presence  of  this  intermediate  sub- 
stance shows  that  the  hydrate  can  be  formed  only  by  means  «f 
the  BUOLof  the  affinities  of  the  oxygen  for  the  hycurogen,  and  of 
Hie  anthrazothion  for  the  metal. 

Sect.  15. — Aa.  we  can  employ  as  disoxygenizine  substances 
bodies  which  possess  that  property  in  a  far  smaller  degree  than  is 
necessajcy^  to  change  the  peroxide  of  copper  into  protoxide,  it 
fbOjows  as  a  consequence  that  these  disoxygenizLug  substances 
actually  separate  from  the  oxide  much  less  oxygen  than  would 
berequisite  in  order  to  convert  it  into  protoxidk.  The  remaining 
part  of  ,the  task  is  performed  by  the  hydrogen  of  the  anthrazo- 
tbionic  acid.  We  wiU  assume,  therefore,  that  the  disoxygenizing 
medium  deprives  the  oxide  of  -J^th  of  its  oxygen,  while  the . 
remaining  ^ths  unite  themselves  to  the  hydrogen  of  the  acid  at 
the  same  instant  that  the  metal  combines  with  the  anthrazothion^ 
and  with  the  water  produced  forming  an  anthrazothionhydrate  • 
of.  copper.  The  accuracy  of  this  assumption  will  still  mrther 
i^pecur  from  tbi?,  that  we  shall  find  in  cpiite  another  way  exactly 
as  much  hydrogen  in  the  acid  of  the  hydrate  as  is  sufficient  for 
saturating  -J-ths  of  the  oxygen,  which  the  oxide  contains.  I  may 
Q^ntion  aa  a  second  corroboration  of  the  truth  of  this  assump* 
fioQy  itmt  the  hydrate  contains  exactly  as  much  water  aa  is 
csq[MLhle  of  being  formed  by  the  union  of  fths  of  the  oxygen  of 
the,  oxide  with  the  hydrogen  of  the  acid ;  namely,  -J-th  of  the 
w^ght  of  the  whole  compound  as  was  shown  in  the  last  para^ 

Sect.  16. — Porrett  found  that  4*58  sr.  of  anthrazothionhydrate 
of  copper  coataiA  2*56  ^.  of  metal,  which  require  0*64  gr, 
0]iygen  to  be  converted  mto  oxide.  According  to  our  view,  of 
the  subject,  ^th  of  this  oxygen  =  0*128  gr.  unites  with  the 
disoxygenizing  medium.  There  remain,  therefore,  4ths.ofQ*64 
=5  0^012  gr.  of  the  oxygen,  which  unite  with  the  nych-ogen  of 
the  authr^othionic  acid  to  form  water.    When,  Uierefoie,  Q:^^ 
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gr.  metal  +  0*612  gr.  oxygen  =s  3*07  gr.  is  gnbtracted  from  the 
sum  total  of  hydrate,  we  obtain  the  quantity  of  acid ;  but  4'68 
—  3*07  =  1'61,  which  must  be  the  amount  of  the  acid.  Theat 
1'61  gr.  of  acid  must  contain  0*067  hydrogen,  because  this  is  die 
quantity  requisite  to  convert  0*512  gr.  of  oxygen  into  0*678  gr. 
of  water.  Hence  it  follows  that  4*680  gr.  of  anthrazothionhydn^ 
of  copper  contain  2*66  gr.  of  copper,  l*610  gr.  of  anthrazotnionie 
acid,  and  0*612  gr.  of  oxygen,  or  according  to  the  accurate  way 
of  viewing  this  compoimd,  that  not  the  acid  but  the  anthrazothioa 
is  united  with  the  metal  and  with  the  water^  the  constituents 
are^ 

Copper 2-660 

Anthrazothion 1-442  (=  1*510  acid  —  0-067  hydrogen) 

Water 0*678  (=s  0*611  oxygen  +  0*067  hydrogen) 

4*680 

•r  in  100  parts, 

Copper 66*89    - 

Anthrazothion 31*48 

Water 12*68 

100-00 

^  _'^-  (7*0  he  cwiUUwti.) 
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Article  VII. 

A  Method  of  separating  Iron  from  Manganese. 
By  Theodor  von  Grotthuss.* 

Dissolve  the  metal,  or  the  oxide,  in  muriatic  acid ;  and  as  it 
is  necessary  to  convert  the  iron  into  a  peroxide,  pour  a  few  drops 
of  nitric  acid  into  the  solution,  and  evaporate  it  till  it  becomes 
doughy  and  merely  moist.  Pour  over  it,  when  in  this  state,  a  so- 
lution of  anthrazotnioniate  of  potash  in  alcohol,  and  mix  the  wfaob 
Well  together.  The  Uquid  becomes  immediately  of  a  blood  red 
colour,  because  anthrazothionate  of  iron  is  formed  which 
dissolves  in  the  alcohol.  The  anthrazothionate  of  manganese 
falls  down  in  the  state  of  a  white  powder,  because  it  is  not  soluble 
in  absolute  alcohol.  Add  a  portion  of  alcohol,  filter  the  liquid 
and  wash  the  white  insoluble  anthrazothionate  of  manganese 
repeatedly  with  small  portions  of  alcohol.  It  will  be  manifest 
that  the  manganese  is  quite  freed  from  all  admixture  of  iron  when 
the  alcohol  comes  off  from  it  quite  colourless.  The  oxide  of  iron 
jnay  be  precipitated  fit)m  the  red  liquid  by  means  of  potash  ley, 

*  Traatlated  from  Schweigger'«  Journal,  iz.  272. 
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ttid  its  quantity  ascertained.  Dissolve  the  anthrazothionate  of 
manganese  in  water^  and  precipitate  the  manganese  by  means  of 
fotaiui.  From  the  oxides  thus  obtained,  we  may  determine  the 
quantity  of  metal  by  fierzelius's  method;  but  this  method  of 
geparatm^  the  two  metals  is  not  absolutely  correct^  because 
aathrazotnionate  of  manganese  is  slightly  soluble  in  alcohol. 


Article  VIII. 


A  remarkable  Combination  ofCarbonate  of  Lame  and  Hydrate  of 
Lime,  observed  by  Theodor  von  Grotthuss.* 

When  a  strong  current  of  carbonic  acid  gas  is  suddenly 
passed  through  lime  water,  there  is  formed  not  a  pure  carbonate 
of  lime,  but  a  mixture  of  carbonate  and  hydrate.  This  fact  deserves 
attention,  because  in  many  cases  it  is  easy  to  mistake  one  of 
these  compounds  for  the  otner.  It  is  very  bulky,  and  falls  sbwly 
to  the  bottom  in  flocks  ;  but  it  has  only  an  ephemeral  existence ; 
for  as  soon  as  these  flocks  approach  near  each  other,  they  lose 
at  once  their  voluminous  appearance,  and  do  not  assume  it  again 
when  agitated.  They  have  now  a  granular,  powdery  consist- 
ence, and  a  much  ^ater  specific  gravity,  in  consequence  of 
which  they  sink  rapidly  to  tne  bottom,  and  do  not  appear  in 
flocks.  The  substaince  in  this  last  state  is  pure  carbonate  of 
lime.    If  concentrated  acetic  acid  be  poured  upon  the  bulky 

(recipitate  when  first  formed,  not  the  smallest  evolution  of  air 
abbles  is  perceptible ;  because  the  carbonic  acid  as  it  is  set  at 
liberty,  finds,  in  consequence  of  the  great  bulk  of  the  hydrate 
and  of  the  water  which  it  contains,  so  many  points  of  contact 
with  it,  that  it  cannot  assume  the  gaseous  form.  If  a  concen- 
trated solution  of  an  ammoniacal  salt,  for  example,  sal  ammoniac, 
be  poured  into  the  bulky  hydrate,  which  renders  the  water  as 
wUte  as  milk,  the  liquid  becomes  immediately  almost  colourless, 
because  the  hydrous  carbonate  passes  at  once  into  the  state  of 
pare  carbonate,  which  last  has  a  very  small  volume  when  com- 
pared with  the  formier.  Were  the  bulky  precipitate  merely  a 
nydrous  carbonate,  we  might  suppose  that  the  salt  deprives  it 
ot  its  water ;  but  a  concentrated  solution  of  common  salt  does 
not,  by  any  means,  produce  the  same  appearance.  The  bulky 
precipitate,  therefore,  must  be  a  compound  of  carbonate  and 
njfdrate  of  lime.  The  hydrate  unites  with  the  acid  of  the  ammo- 
niacal salt  and  sets  the  ammonia  free,  while  the  pure  carbonate 
only  remains  behind.  The  action  of  the  water  and  attraction  of 
cohesion  of  the  carbonate  of  lime,  appear  gradually  to  destroy 
the  compound.    It  has,  therefore,  as  nas  beeii  abready  observed^ 

•  Tiiittlated  from  Scbwelmr't  Jottrnal,  zz.  S75. 
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only  an  ephemeral  existence.  It  is  very  easy  to  foim  it,  merefy 
by  blowing  out  air  from  the  limgs  through  a  glass  tube  in  limt 
wator.  Carbonate  of  magnesia  seems  to  form  the  same  kind  of 
combination ;  for,  according  to  Bucholz,  it  is  capable  of  ezistiog 
in  the  state  of  three  different  compomids. 


Article  IX. 

Description  of  an  improved  Microscope.    {See  PL  LXXXVIII.) 

Fig.  1.    The  instrmnent  mounted  for  viewing  an  opamte 
object.    A  B  is  the  body  of  the  microscope ;  it  consists  of  nye 
lenses,  and  differs  from  that  commonly  used  for  microscopes* 
The  instrument-maker  wiU  comprehend  now  to  make  it  when  he 
is  told  that  the  lenses  I  smd  2  at  the  bottom  are  similar  to 
those  used  for  the  eye-pieces  of  refracting  telescopes ;  the  lenses 
3,  4y  and  5,  are  tne  field-glass  and  double  eye-slqss  used  in 
compound  microscopes.     To  increase  the  magEUT^ing  power, 
there  are  three  astronomical  eye-pieces  of  dmerent  poweis, 
which  are  made  to  fix  on  at  A.    This  body  is  eight  inches  kngi 
the  bottom  is  tapered  a  Uttle,  as  may  be  seen,  at  B,  for  the  purpose 
of  allowing  the  rays  to  pass  more  freely  from  the  mirror  S  to  tlie 
object  to  be  examined.    At  the  top.  A,  a  shoulder  is  madi 
which  is  sc'rew^  for  a,  purpose  hereafter  to  be  mentioned.    If  it 
is  asked  why  I  have  rejected  the  old  body  for  viewing  opaque 
objects,  and  what  is  the  advantage  of  this  new  one,  I  answer  as 
follows.    Every  one  accustomed  tQ  common  compound  micro* 
scopes  may  have  observed  a  kind  of  milkiness  in  tl:^  field,  so 
that  the  object  appears  as  if  seen  through  a  kind  of  mist,  ocas 
if  the  glasses  were  dimmed  by  moisture.    The  greater  the  aper- 
tures  of  the  Uttle  glasses  are  at  the  bottom,  the  more  perceotible 
this  becomes  ;  but  it  can  never  be  removed  altogether,  as  I  IjuxoW 
from  experience,  by  any  reduction  of  the  apertu^s :  when  aA 
opaque  object  is  viewed,  the  defect  is  still  more  striking ;  besides 
opaque  objects  require  a  great  djeal  more  hght  tQ  be  seeapco^ 
jperly  thaA  transparent  ones,  and  this  kind  of  mjicroscppe  givei 
very  little,  especially  if  the  apertures  are  redjo^eed  to  a  propel 
standard.    Our  microscope  labours  imder  none  of  these  defects  ; 
the  image  is  quite  clear,  as  if  produced  by  a  single  l^ns,  and- 
there  is  abundance  of  light.    Th^  body  of  the  instrument  is  madi9 
to  twist  into  the  socket  of  the  arm  C  C,  which  is  made  to  slidtf 
backwards  and.  forw^ds  in  the  case  represented  a;t  O.    Ther 
stage,  D  D,  travels  up  and.  down  with  a  rack  andpinipa,  as  seeB- 
in  the  Plate ;    it  is  five  inches  in  length,   reckoning  fioio* 
the  brass  bar,  O  O  6 ;  the  hole  E  is  2^  inches  diameter ;  that; 
at  F  one  inch,  and' has  a  small  notch  in  it.    There  are  two  holei^ 
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in  the  sides  of  this  stage>  one  toreceive  a  mirror;  or  condensing 

glass,  the  otherto  receive  a  pair  of  nippers,  or  needle.  Two 
tde  grooves  are  hkewise  made  in  the  stage  to  receive  the  move- 
able stage,  G,  which  fixes  into  them  by  means  of  two  pins  at  I ; 
this  moveable  stage  has  a  hole  in  it,  just  hke  that  at  F.  The 
mirror  at  S  has  a  double  motion ;  it  is  an  inch  and-a  half  diame- 
ter, including  its  case,  plane  on  one  side,  and  three  inches  focus 
on  the  other.  When  an  opaque  object  is  viewed,  the  body  of 
the  instrument  rests  over  the  hole  F,  the  rays  from  the  great 
piirror,  N,  pass  up  through  the  lens,  K,  through  the  great  hole 
in  the  stage,  and  are  reflected  back  upon  the  object  by  the  httle 
mirror  S.  When  a  transparent  object  is  to  be  seen,  the  moveable 
stage,  G,  is  fixed  over  the  hole,  E,  and  the  body  of  the  instru- 
ment is  moved  forward  till  it  comes  over  the  hole,  H.  The  mirror 
is  removed,  and  a  condensing  glass,  fi,  substituted  under  the 
«tage,  as  seen  in  fig.  K,  is  a  condensing  lens,  12  inches  focu9, 
and  five  inches  diameter,  including  its  case ;  it  is  made  to  move 
up  and  down  the  brass  bar,  O  O  O,  and  has  a  joint  at  L,  so  that 
it  can  be  flapped  down,  when  not  wanted ;  a  small  hole  is  made 
through  th^  joint,  through  which  a  pin,  M,  is  made  to  pass,  to 
fix  it  m  an  horizontal  position. 

N  is  an  oval  plane  mirror  whose  transverse  diamet.er  is  five 
inches,  including  its  case  ;  its  longest  diameter  seven  inches :  it 
is  made  as  light  as  possible,  and  me  arm  which  holds  it  is  steel;, 
it  turns  round  in  the  brass  bar,  O  O  O ;  the  reasons  why  it  is 
made  oval,  plane,  and  of  the  size  mentioned,  and  why  a  platte 
mirror  and  condensing  lens  are  used  instead  of  a  concave  mirror, 
will  be  seen  hereafter. 

O  O  O  is  a  brass  bar  half  an  inch  square  and  I84.  inches  lon£; 
it  supports  the  whole  instrument,  and  is  fixed  into  the  stand,  F, 
by  means  of  the  socket  and  pinching  screw,  Q.  U  is  an  addi- 
tion to  the  instrument,  which  may  be  thought  very  nonsensical ; 
it  is  something  like  a  pair  of  spectacles — one  side  is  made  to 
screw  on  at  A,  the  other  is  blacked  ;  its  use  is  to  save  you  the 
trouble  of  keeping  one  of  your  eyes  shut  while  you  look  through 
the  instrument  with  the  other,  which  is  a  convenience  to  many 
people :  it  can  be  used  or  not  as  is  most  agreeable. 

When  this  microscope  with  its  stand  is  placed  on  the  ground, 
it  is  tall  enough  to  reach  the  eye  of  a  person  sitting  in  a  chair ; 
and  in  this  manner  it  is  used. 

We  now  proceed  to  fig.  2,  viz.  the  instrument  mounted  as  a 
M^ar  microscope  for  viewing  transparent  objects. 

Here  the  instrument  we  have  just  desmbed  will  be  recomized 
turned  upside  down,  with  some  additional  apparatus,  NKDOC, 
the  instrument  as  before. 

oLQyi  9,  the  box  which  holds  the  instrument,  when  packed, 
two  feet  four  inches  long,  7*^  inches  high,  1 1  inches  broad  ;  it  is 
divided  iotto  two  compartments^  C  and  y,  of  which  y  takes  up  8j- 
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inches.    This  compartment  is  made  pretty  much  like  a  cameia 
obscura,  except  that  the  end  3"  can  be  removed  at  pleasure. 

On  the  top  of  this  box,  a  piece  of  brass  is  sunk  into  the  wood 
close  to  the  hinge  of  the  camera,  as  seen  at  x.    The  body  of  the 
instrument  screws  into  this.    The  brass  bar,  o  o,  is  attached  to 
the  box  by  means  of  the  stand,  ^,  made,  as  seen  in  the  plate, 
attached  by  the*  two  screws,  1 1,  to  the  sheath  which  carries  the 
arm,  c  c.    This  stand  is  again  attached  to  the  box  by  the  screw, 
$,  which  passes  through  the  projecting  part,  ij,  and  fixes  into  a 
piece  of  orass  sunk  mto  the  top  of  the  box.    This  projecting 
part  has  a  groove  in  it,  by  means  of  which  the  instrument  moves 
backwards  or  forwards,  and  places  the  body  of  the  microscope 
either  in  its  situation  as  in  fig.  2,  or  in  that  represented  at  fig.  1, 
according  as  a  transparent  or  opaque  object  is  to  be  examined. 
In  fig.  2,  it  is  mounted  for  viewing  a  transparent  body ;  the  reader 
will  observe  the  mirror,  S  (fig.  1),  removed,  and  in  its  place  the 
condensing  lens,  ft,  two  inches  diameter,  four  inches  focus,  sub- 
stituted.  The  moveable  stage,  G,  is  now  attached,  and  a  sUder 
holder  is  fixed  in  it  by  means  of  the  Uttle  notch.  The  body  of  the 
instrument  is  now  seen  much  further  from  the  brass  bar  than 
before,  being  placed  in  the  axis  of  the  mirror  and  lenses.    The 
height  of  the  stand,  i,  must  be  made  to  correspond  exactly  with 
the  body,  so  that  the  arm,  c  c,  may  just  coincide  with  its  sheath: 
HI  my  instrument  it  is  two  inches  high  above  the  box  ^  but  it 
might  be  made  something  higher,  and  the  brass  bar,  o  o,  might 
be  proportionally  shortened,  which  would  make  the  instrument 
look  better.    The  body  used  in  fig.  2  is  not  the  same  as  that  in 
fi^.  1 ,  bein^  precisely  similar  to  that  of  a  common  compound 
microscope  in  its  optical  principle,  except  that  the  brass  buttons 
made  to  screw  on  at  its  end  have  much  smaller  apertures  than 
those  generally  made ;  likewise  a  piece  of  tube,  X,  is  made  to 
slide  up  and  down,  which  is  used  to  slip  over  the  brass  button 
down  to  the  shder-holder ;  and  thereby  exclude  all  rays  fixmithe 
instrument  which  do  not  come  directly  through  the  stage  ;  this 
much  improves  the  vision  of  many  transparent  objects  :  it  can  be 
used  or  not,  as  is  most  eligible. 

It  will  no  doubt  appear  strange  that  I  should  have  rejected 
this  kind  of  microscope  in  fig.  1,  and  employed  it  here  for  view- 
ing transparent  objects ;  but  there  are  reasons  for  every  thing.  It 
is  a  curious  fact,  which  I  am  not  sufficiently  skilled  in  optics  to 
fathom,  that  the  body,  A  B,  fig.  1,  though  it  shows  opaque 
objects  perfectly  achromatic,  does  not  seem  to  me  to  show  tran- 
sparent ones  so,  which  this  microscope  does.  Besides,  I  have 
not  forced  it  to  magnify  so  much  as  the  transparent  body  does, 
because,  opaque  objects  being  seldom  or  never  flat,  only  a  point 
can  be  in  the  focus  at  a  time,  the  rest  being  all  confiision,  and 
this  in  proportion  to  the  magnifying  power;  so  that  a  person  does 
f^otf  know  whsit  ]xe  is  looking  at.    A  transparent  body,  being 


1S19.]         Description  of  an  improved  Microscope.  &6 

generally  neariy  flat,  can  be  seen  with  a  high  power  to  greater 
advantage ;  but  I  am  no  advocate  for  microscopes  of  high  powers. 
I  think  as  much  may  be  seen  with  a  power  of  about  60  diame- 
ters (rating  the  stanaard  of  sight  at  eight  inches)  as  can  be  seen 
with  any  power  whatever;  at  least,  I  am  sure  this  is  the  case 
with  opaque  objects.  Besides,  the  field  of  view  in  the  common 
microscope  is  larger  than  in  mine,  which,  with  transparent 
objects,  is  of  importance,  as  a  large  portion  of  the  object  can  be 
in  the  focus :  with  opaque  ones  again,  as  but  a  small  portion  can 
be  seen  at  a  time,  it  is  of  little  consequence  whether  the  field  is 
large  or  not.  The  field  and  double  eye-glass  in  the  transparent 
microscope  serve  as  the  lowest  magniners  in  the  opaque  one,  and 
instead  of  the  common  astronomical  eye-pieces  for  obtaining  the 
higher  powers,  double  eye-glasses  might  be  used  which  would 
give  a  hureer  field,  but  it  is  not  worth  while.  Though,  ceteris 
paribus,  me  opaque  microscope  has  much  more  light  than  the 
transparent  one,  still  in  the  latter  there  is  abundance  of  Ught  for 
viewing  transparent  objects,  which  are  best  seen  in  a  weak 

I  now  proceed  to  the  way  of  mana^ng  the  solar  apparatus. 
Fix  the  instrument  upon  its  Dox,  as  in  Sg.  2 ;  or  if  opaque  objects 
are  to  be  examined,  mount  it  as  in  fig.  1,  turned  upside  down. 
Choose  a  room  where  the  sun-beams  fall  on  the  floor;  place  a 
common  dressii^-glass  there,  as  (r,  fig.  2.  Then  j^lace  the  instru- 
ment upon  a  table,  so  that  its  side  may  be  opposite  the  window, 
but  not  where  the  sun4>eams  fall ;  reflect  the  light  from  the  dress- 
ing-^ass,  0-,  to  the  great  mirror,  N,  so  that  you  may  see  its 
«ha£>w  on  the  wall.  When  you  have  done  this,  the  instrument 
is  managed  just  as  if  you  were  looking  through  it,  by  only 
reflecting  the  Ught  downwards.  The  image  appears  at  Ihe 
bottom  of  the  box,  7 ;  y  is  a  piece  of  box  wood  b\  inches  dia- 
meter, covered  with  vellum  paper ;  its  surface  is  curved,  so  that 
the  imjBige  may  be  received  upon  it  quite  perfect.  ^  is  a  piece  of 
pasteboard  blacked,  with  a  round  hole  5{-  inches  diameter,  a 
sheet  of  paper  being  placed  under  it.  The  end  of  the  camera, 
iy  being  removed^  and  the  cloth,  t,  attached  to  the  lid  of  the 
camera,  t,  the  image  may  be  drawn  on  paper  with  the  utmost 
ease.  This  cloth  has  a  hole  in  it,  as  represented  in  the  plate ;  it 
is  stiffened  round  the  edges  with  an  iron  wire,  and  just  suits  the 
&ce,  so  that  when  it  is  used,  all  foreign  rays  are  excluded  from 
the  camera ;  but  when  two  people  are  lookmg  into  it  at  once,  it 
is  not  needed,  as  their  heads  exclude  the  Ught  sufficiently. 

There  is  nothing  pecuUar  in  the  rest  of  the  apparatus  attending 
this  microscope  ;  so  I  shall  say  nothing  about  it,  except  T  (fig. 
1),  which  is  a  small  instrument  made  hke  a  Uttle  vice,  but  very 
sUght,  and  fixes  into  one  of  the  holes  in  the  sta^e ;  it  is  very 
handy  for  seizing  many  opaque  objects ;  for  example,  laying  hold 
of  the  pin  by  which  coUections  of  msects  are  fixed  in  their  boxes, 
and  exhibitmg  the  iosecjb  without  any  damage  in  any  direction. 


66  Description  qf  an  improved  Microscope.  [JaK. 

.  R  is  a  thing  which  misht  be  made  to  attach  to  the  stand  at  Q, 
and  miffht  hold  a  30  inch  telescope  for  the  e}re-pieeeSy  of  which 
tlie  bodvy  A  B,  and  the  astronomical  eye-pieccis,  would  serve 
very  well,  and  thereby  enable  a  person  to  have  a  telesocfe  at  a 
small  additional  expense. 

Having  now,  I  think,  thoroughly  described  tUs  instrmnent 
so  that  the  optician  (for  whose  benefit  this  artide  is  chieftr 
intended)  may  be  enabled  to  make  one  without  he^tation,  1 
shall  proceed  to  say  a  few  words  upon  the  nature  and  properties 
of  it. 

It  will  most  probably  be  objected  by  the  practical  optician  Ijiat 
this  is  an  expensive,  uncouth,  top-hea^^,  gimcrai£  kind  of  a 
thing,  and  would  not  be  near  so  saleaUe  an  article  as  tke  firebtj 
toys  and  eye-traps  that  he  is  in  the  habit  of  making ;  tliat  tM 
old  mkroscopes  do  very  well ;  and  that  there  is  no  occasion  for 
putting  himself  out  of  his  way  with  these  new-fangled  things. 

It  is  not  always  possible  to,  combine  utility  and  elegance.  It 
is  necessary  for  this  instrument  to  be  made  on  a  large  scak  on 
account  of  the  size  of  the  great  mirror,  which  is  absolufady 
indispensable  to  fiurnisli  the  quantity  of  hght  required  far  the 
sdar  apparatus,  and  to  enable  the  instrument  to  act  by  lamp 
light  as  a  lucemal  microscope.  The  mirror  is  made  oval,  that 
it  may  thiow  down  a  round  spectrum  through  ihe  condensing 
glass ;  and  a  plane  mirror  and  lens  are  used  instead  of  a  concave 
mirror,  for  the  same  reason ;  otherwise  the  circle  at  the  bottom 
of  the  camera  will  not  be  completely  filled  with  light.  This 
instrument  was  made  by  that  acute  and  distinguished  artist>  Mr« 
Adie,  of  Edinburgh,  inventor  of  the  sympezometer. 

IVow  let  us  consider  the  manifold  properties  and  the  univ^al 
application  of  this  instnunent.  1.  As  a  compound  miciosccme 
fiMT  transparent  objects ;  2.  As  a  compound  microscope  for 
opaque  objects ;  3.  As  a  compound  solar  microscope  for  trans- 
parent bodies;  4,  As  a  compound  solar  for  opaque  bodies; 
5.  As  a  lucemal  microscope :  for  all  these  properties  are  caaur 
bined  together  in  this  instrument,  and  (under  correction  from 
better  Judgement),  I  say,  are  in  a  very  reformed  and  improved 
condition. — 1.  As  a  tran^arent  microscope.  Owimg  to  the 
large  quantity  of  hght  fiimisAed  by  the  large  mirror,  the  apertures 
o£  the  object  glasses  can  afibrd  to  be  made  extrem^  smaBy 
which  greatly  improves  the  vision,  as  does  the  tube  made  ta 
slide  down  over  dbem,  2.  As  an,  opaque  microscope,  it  performs 
in  a  most  superior  style,  owing  to  uie  clearness  of  the  vision  and 
the  abundance  of  lignt.  The  smaM  mirror,  which  receives  all  the 
light  from  the  great  one,  is  likewise  abetter  thing  them  the  lens 
usually  fixed  on  the  stage  to  dlumine  the  object,  as  it  collects 
all  the  light  from  the  great  mirror.  As  a  transparent  s<dar 
microscope,  it  has  aU  the  advantages  i/siiich  can  be  derived  fix>m 
using  combined  glasses  instead  of  single  lenses ;  for  just  $uch  as 
a  microscope  is,  such  is  the  image  produced  by  it.    If  it  wants 
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light,  the  image  wants  it ;  if  distinctness  or  field  are  wanted,  the 
image  is  likewise  defective  in  these  points.  Another  very  great 
reformation  is  cutting  short  the  amplification  of  the  image  aoum  to 
the  standard  of  the  magnifying  power  of  the  microscope  producing 
it.  Thus  if  the  microscope  magnifies  60  times^  the  image  is 
only  allowed  to  be  magnified  60  times,  and  so  on :  this  is  done 
by  only  sufiering  the  rays  to  diverge  to  the  distance  of  six  inches. 
By  these  means,  the  maximum  of  sharpness  and  distinctness  is 
obtained,  so  that  the  image  is  like  a  miniature  picture,  where 
everything  is  seen  just  as  if  one  were  looking  through  the  glasses.. 
What  purpose  does  it  serve  (8ave  that  of  astonishing  women  and 
children)  to  suffer  the  rays  to  diverge  till  you  have  made  a  flea 
as  big  as  a  jack-ass,  &c. 

MoDstrum  horrendam,  ioforme,  iogens,  cui  lumen  ademptum^ 

at  the  expense  too  of  all  light,  distinctness,  and  every  thing 
valuable  in  vision.  My  instrument  shows  none  of  these  wonderful 
TTonders.  I  hold  them  in  supreme  contempt,  but  in  reat  mag- 
nifying power  it  is  nevertheless  greatly  superior.*  No  seiksilMe 
optician  ever  forces  a  telescope,  or  microscope,  to  a  higher 
power  than  it  is  capable  of  bearing,  as  the  object  is  not  only 
seen  no  better  (though  larger),  but  a  vast  deal  worse.  If  it  is 
asked  why  I  did  not,  at  least,  suffer  the  rays  to  diverge  to  eight 
mches  instead  of  six,  eight  inches  being  the  standard  of  sight,  I 
answer,  I  do  not  believe  eight  inches  to  be  the  standard  of  sight, 
but  that  it  is  much  less  than  that.  I  am  not  conscious  that  I 
am  either  long  or  short  sighted.  I  can  see  to  read  moderately 
sized  print  at  the  distance  of  five  feet,  and  I  can  read  the  same 
44.  inches  from  my  eye.  When  I  go  to  look  narrowly  into  any 
tWng,  I  generally  look  at  it  4i  inches  distance.  Let  any  lady, 
with  acknowledged  good  eyes,  take  a  microscopical  object,  such 
as  a  transparent  slider,  or  some  such  thing,  and  let  her  mark 
the  distance  she  places  it  from  her  eye,  when  she  sees  it  to  the 
best  advantage,  so  as  to  see  most  into  its  nature.  I  am  siure 
99  out  of  100  will  place  it  nearer  than  eight  inches.  However,  I 
have  assumed  six  inches. 

As  an  opaque  solar  microscope,  this  instrument  possesses  the 
same  advantages  over  the  common  one  as  the  transparent  part 
does  ;  it  does  not,  however,  magnify  above  60  diameters  (com- 
mon computation),  and  would,  in  my  opinion,  be  of  no  use  if  it 
did.  I  may  mention  that  the  common  transparent  body  will  not 
form  an  image  of  an  opaque  body,  from  its  affording  so  little 
Ught. 

As  a  lucemal  microscope,  this  is  likewise  superior  to  the  com- 
mon one,  for  which  all  that  is  necessary  is  to  place  a  fountain 
lamp  on  the  floor,  on  one  side  of  the  instrument,  on  the  same 

*  The  real  power  of  the  glaises  producing  the  image  is  aboat  four  Umei  greater 
tWrntlmtof  the  lenses  generally  neeft  for  solar  microicopes. 
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level  with  the  great  mirror^  and  about  two  feet  distant  from  it,  so 
that  the  light  may  meet  the  long  axis  of  the  ellipse  at  a  right 
angle ;  then  every  thing  goes  on  as  before ;  and  I  think  the 
transparent  part  of  the  instrument  especially  is  never  seen  to 
more  advantage  than  in  this  way.  The  vision  altogether  is  very 
superior  to  <hat  of  the  common  lucemal,  which  is  always  fiiU  of 
colour,  very  indistinct,  and  distorted  at  the  edges  of  the  field. 
Our  instniment  will  not,  however,  produce  any  image  in  the 
camera  by  lamp  light — at  least,  it  is  a  mere  shadow.  I  have 
tried  every  possible  kind  of  microscope,  simple  and  compound, 
to  endeavour  to  get  a  decent  image  by  lamp  hght,  but  have  been 
totally  unsuccessful ;  the  reason  of  which  seems  to  be  this :  If 
you  allow  the  apertures  of  the  lenses  sufficient  diameter  to  give 
a  requisite  quantity  of  fight,  the  image  is  quite  confused,  and 
full  of  colour ;  if  you  reduce  them  to  the  proper  standard,  the 
lamp  wiU  not  afford  light  to  show  it,  and  here  the  matter  rests. 
Inadii  in  Scyllanij  Sec.  The  utmost  which  can  be  done  is  to 
produce  an  image  of  a  transparent  object  (an  opaaue  one  is  out 
of  the  (][uestion),  of  which  you  are  enabled  to  see  tne  outline  and 
somethmg  of  the  colour  very  sUghtly  magnified  ;  but  into  the 
texture  and  minutise  of  which,  you  can  see  nothing.  Of  this 
description  is  the  image  of  a  common  lucemal;  and,  in  my 
opinion,  it  is  not  worth  looking  at.  The  only  remedy  for  this 
w'hich  occurs  to  me,  would  be  a  lamp  which  should  give  as  much 
light  close  to  the  instrument  as  the  sun  does  at  his  natmral  distance. 
«  The  best  wav  to  procure  an  image  by  lamp  fight  in  our  micro- 
scope is  to  take  the  opaque  body  at  its  lowest  power  to  view  a 
transparent  object  (as  this  body  gives  much  more  light  than  the 
other),  then  to  get  a  high  stool  and  place  it  upon  the  table  with 
the  lamp  opposite  the  lar^e  mirror,  and  proceed  as  with  the  sun. 
The  camera  must  be  quite  dark.  An  image  wiU  be  formed  so 
that  any  body  may  affirm  the  instrument  produces  an  image  by 
candle  light ;  but  this  is  all  that  can  be  said  of  it. 

It  would  not  be  amiss  in  packing  the  microscope  to  keep  the 
opaque  apparatus  distinct  from  the  transparent,  so  that  a  person 
inexperienced  in  microscopes  might  more  readily  learn  to  manage 
it :  from  the  variety  of  purposes  to  which  it  is  subservient,  it  is 
somewhat  more  complicated  in  its  construction  than  microscopes 
usually  are. 

I  have  neglected  to  describe  a  kind  of  sUder  which  I  use  in 
my  microscope  ;  it  is  composed  of  a  glass  tube,  flattened,  and 
drawn  out  to  the  size  of  a  common  sfider,  ai^d  pofished  on  one 
side :  its  use  is  to  hold  microscopical  objebts  which  wiU  not 
keep  in  a  dry  state,  such  as  pieces  of  finely  iiriected  membrane, 

Setals  of  fiowers,  and  the  like  \  these  little  preparations  are  intro* 
uced  into  the  slider,  which  is  then  filled  with  spirits,  and 
covered  at  the  end  with  a  bit  of  bladder  secured  oy  a  wax 
thread. 
I  now  proceed  to  fig.  3,  which  is  a  compound  microscope,i2irbicb 
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would  be  veiy  useM  for  dissecting  insects^  as  it  shows  the  image 
erect  like  a  single  lens ;  its  power  is  about  60  (common  compu- 
tation),  nor  will  it  magnify  above  that  with  distinctness ;  it  is 
composed  of  seven  lenses,  and,  nevertheless,  shows  the  object 
very  clear  and  distinct ;  its  body  is  10^  inches  long ;  it  is  in  its 
principle  the  eye-piece  of  a  small  telescope,  connected  with  the 
neld  and  double  eye-glass  of  the  common  compound  microscope ; 
the  little  eye-piece  at  the  bottom  is  3|-  inches  long ;  as  I  have 
it,  a  body  of  this  nature  is  made  to  screw  into  the  arm  of  the 
instrument  Uke  the  other ;  but  in  this  state  it  is  not  sufficiently 
steady  to  be  used  with  comfort,  as  a  very  sUght  tremor  is  per- 
ceptiole  when  you  are  working.  I  recommend  a  stand  for  it, 
such  as  that  in  fij^.  3,  made  very  solid,  with  a  rack  and  pinion  to 
move  the  body  Uke  diat  in  Culpepper's  microscope. 

The  advantages  of  this  instrument  would  be  that,  being  to  be 
used  for  a  continuance,  it  would  not  strain  the  eye  Uke  a  single 
lens  of  the  same  magniiying  power,  which  woula  need  to  be  -^ 
of  an  inch  focus ;  mat  there  would  be  abundance  of  room  to 
manage  the  dissecting  instruments,  as  the  focal  distance  of  this 
inicrdscope  from  the  object  is  half  an  inch ;  and  that  the  operator 
would  not  be  under  the  necessity  of  putting  his  nose  close 
down  over  the  object,  and  thereby  darkening  it,  so  that  the  light 
would  require  to  be  thrown  up  from  below  and  reflected  back 
upon  the  object  by  a  silver  cup. 

I  do  not  see  any  particular  utility  in  this  last  instrument, 
except  as  a  dissecting  microscope.  I  have  now  given  a  plain 
account  of  this  instrument  without  any  reference  to  theory,  or 
any  display  of  algebra  and  mathematics.  I  have  written  for  the 
practical  man  only,  to  whom  I  recommend  the  instrument  ais  a 
valuable  article  of  his  trade,  the  cost  of  which  will  not  exceed 
that  of  a  good  compound  microscope  of  the  common  make,  with 
a  transparent  and  opaque  solar  apparatus,  and  will,  I  think,  give 
much  more  satisfaction ;  at  least,  to  those  who  can  distingwsh  a 
bright,  clear,  achromatic,  distinct  ima^e,  from  a  distorted,  duU, 
confused  one,  and  who  prefer  in  a  solar  microscope  an  image 
abundantly  magnified,  and  as  sharp  as  a  miniature  picture,  to  a 
huge,  indistinct  shadow.  It  is  the  established  practice  of  every 
inventor  to  extol  the  merit  of  his  own  production,  and  to  decry 
all  others  ;  but  I  do  not  think  I  have  asserted  any  thing  here  of 
mme  which  will  not  bear  the  closest  examination  by  those  most 
dulled  in  optical  inst|puments« 
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Article  X. 

Notice  of  some  Animakfrom  the  Arctic  Regions. 

By  Dr.  Leach. 

(To  Dr.  Thomson.) 

MT  DEAR  SIR, 

In  compliance  with  your  wishes,  I  now  transmit  to  you  a 
hasty  list  of  the  mammalia  and  birds  that  have  been  received 
from  the  Northern  Expeditions,  and  which  have  since  been  sent 
to  the  British  Museum  by  the  Admiralty. 

I  remain^  yours  faithfully, 

W.  E.  Leach. 

MAMMALIA. 

1.  Ursiis  Albus,  Brisson,  Jonston  (White,  or  Polar  Bear).— 
A  very  large  specimen,  nearly  nine  feet  in  length,  was  browht 
home  by  Capt.  Ross.  It  was  skinned  and  prepared  by  Mr. 
Beverly,  who  devoted  much  time  and  attention  to  its  preservatioiL 

2.  Canis. — A  variety  approaching  to  the  wolf  in  many  points 
of  external  character  and  in  voice.  It  wants  the  thumb  os 
the  hinder  feet. 

Baffin's  Bay,  Capt.  Ross. 

3.  Vulpes  Lagopus  (Arctic  Fox). — ^This  animal  was  reemei 
alive,  and  did  not  emit  the  disagreeably  odour  of  the  commdn 
fox  in  a^  great  degree  :  this  has  been  observed  before.  Ck>ast 
dP  Spitzbergen,  Capt.  Buchan. 

4.  Phoca  Fcctida  ?  MiUler,  Young  (Jacob's  bite),  June  ^30, 
Capt.  Ross. 

6.  Trichechus  Rosmarus  (Walrus). — The  head  only  was 
jreceived,  from  Capt.  Ross. 

6.  Lejnis  1 — Certainly  distinct    from  our  White  Hare 

(Jjepus  albus,  Brisson),  whicn  again  seems  to  be  distinct  from 
the  variabilis  of  Pallas. 

It  is  of  the  size  of  the  common  hare,  and  of  a  white  colour. 
The  back  and  top  of  the  head  are  sprinkled  with  blackish-brown 
(nigricante-frisco)  hair,  banded  with  white  ;  the  sides  of  the  neck 
are  covered  with  hair  of  the  same  colour  interspersed  with  white. 
The  extreme  tips  of  the  ears  are  tipped  with  black,  intermixed 
^th  white.  The  insides  of  the  ears  have  a  few  black  hairs 
mingled  with  the  white.  As  the  skeleton  was  not  brought  home, 
it  will  be  impossible  to  clear  up  much  respecting  the  three  white- 
coloured  hares  above-mentioned.  It  was  killed  on  Sept.  1,  in 
lat.  73°,  on  the  west  side  of  Baffin's  Bay. 

7.  Cervus  Tarandus  (Rein  Deer).  Coast  of  Spitzbergen,  Capt 
Buchan. — The  heads  only  of  this  animal  tvere  received.  The 
horns  in  the  growing  state  are  covered  with  woolly  down, 
much  longer  in  proportion  than  that  on  those  of  the  vanous  deer 
that  are  domesticated  in  this  country. 
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AVES. 

1.  Falco  Smirillus  (Merlin  Falcon).   Lat.  66°,  Capt.  Ross. 

2.  Vitiftorcd  Mnante  (White-rumped   Wheatear). — Killed  at 
sea,  by  W.  E.  Parry,  Esq. ;  lat.  SQ**  61'  N.;  long.  11°  2V  W 
May  6. 

3.  Emberiza  Nivalis  (Snow  Bunting). — Capt.  Ross. 

4.  Hamatopus  Ostralegus  (Common  Oyster-catcher).  Ferroe. 
F.  Franks,  Esq. 

5.  Pelidna  Alpina  (Common  Dunlin). 

6.  Trin^a  Islandica, 

7.  Lobtpes  HyperboreuSy  Cuvier  (Red  Lobefoot),  commonly 
placed  in  thegenus  Phalaropus. 

8.  Ralliis  Sericeus  (Common  Rail). 

9.  Uria  Francsii  (Franks's  Guilemot). — ^This  is  a  new  species 
of  which  I  have  given  a  description  to  the  linnean  Society.     It 
was  first  killed  off  Ferroe,  bvF.  Franks,  Escj.  who  sent  it  to  mej 
it  has  since  been  received  from  all  the  ships  employed  in  the 
northern  eimedition. 

10.  Grylit  Scapularis  (White-winged  Scraber). — All  the  ships 
met  with  this  bird.  It  is  commonly  denominated  Black  Guilemot p 
Imt  has  been  referred  to  a  distinct  genus,  named  Cephus  by  Cu-» 
vier ;  a  name  which  I  cannot,  for  many  reasons,  adopt. 

11.  Mergultis  Malanoleucos  (Common  Sea-Dove). — Killed  by 
aD  the  ships. 

12.  Fratercula  Glacialis  (Northern  Puffin). — ^This  new  species, 
on  which  I  have  sent  a  paper  to  the  Linnean  Society,  was  killed 
off  the  coast  of  Spitzbergen 

13.  Procellaria  Glacialis  (Fulmar  Petrel). — Spitzbergen  and 
IMSn^s  Bay. 

14.  Larus  Ebumeus  (Ivory  Gull). — Baffin's  Bay. 

15.  Larm  Rissa  (Kittiwake  Gull). — Spitzbergen. 

16.  Larus  Canus  (Clommon  Gull.) — Ferroe.    F .  Franks,  Esq. 

17.  Larus  — —  ? — A  large  species  not  yet  determined.  Baf- 
fin's Bay. 

18.  Larus  — —  ?— Young,  of  a  large  species  not  determined. 

19.  '  ?  Sabini. — A  paper  on  this  bird  (which  forms  an 
btenaediaie  genus  between  Larus  and  Sterna)  has  been  read  to 
the  Linnean  society,  by  Joseph  Sabine,  Esq.  who  named  it 
£arci5  Sabiniy  after  his  brother  who  first  killed  it.* 

20.  Sterna  Hirwido  (CommonTem). — Ferroe  and  Spitzbergen* 
21. ' Stercorarius  Cepphus  (Arctic  Jager). — Baffin's  Bay. 

22.  Caiarracta  Fusca  (Squa  Catarractes). — Ferroe.  F.  Franks, 
Esq. 

18.  Somateria  Mollissima  (Cuthbert's  Eider). — Baffin's  Bay, 
Spitsbergen.  H 

A  great  number  of  other  species  were  killed  by  individuals, 
whicnhave  not  been  deposited  in  the  British  Museum* 

•'  Sec  LiiUNBan  Society  report,  p,  0T« 
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Article  XL 

Analyses  of  Books, 

Memoirs  of  the  Wernerian  Natural  History  Society*     Vol.  It. 
Part  II.   For  the  Years  1814,  1816,  1816. 

This  part  contains  the  following  papers : 

I.  On  the  Greenland  J  or  Polar  Ice.  By  W.  Scoresby,  Jun. 
Esq.  M.W.S. — Mr.  Scoresby  has  been  in  the  habit  of  going 
annually  to  the  Greenland  seas,  for  these  many  years  past,  ias  a 
whale  fisher.  Being  a  man  of  excellent  abiUties,  of  good  educv 
lion,  and  a  zealous  observer,  he  has  collected  a  vast  number  of 
curious  and  important  facts,  which  must,  when  they  are  given 
to  the  public,  contribute  materially  to  the  improvement  of  meteo^ 
'  ^logy ;  for  the  weather  in  the  polar  regions  must  influence  mate- 
rially the  winds  and  currents  of  the  Atlantic  and  Pacific  Oceans; 
which,  in  their  turn,  exercise  a  material  influence  upon  the 
continents  which  he  on  either  side  of  them.  In  our  report  oi 
Ae  proceedings  of  the  Wernerian  Society,  vol.  vi,  p.  142,  &c. 
we  gave  an  account  of  the  present  paper ;  -but  as  the  subject  is 
very  curious  in  itself,  and  particularly  interesting  at  the  present 
moment,  when  the  pubUc  attention  is  drawn  to  me  two  voyages 
of  discovery  lately  made  to  the  arctic  regions,  we  are  induced  to 
give  an  analysis  of  it,  even  at  the  risk  ofrepetition. 

The  whalers  ha^e  distinguished  the  polar  ice  by  a  variety  of 
names  according  to  its  state.  A  lai^e  ice  plain,  extending  fitf- 
ther  than  the  eye  can  reach,  is  called  afield.  When  a  fiekl,  in 
consequence  of  a  heavy  swell,  is  broken  into  pieces,  not  exc^* 
ing  40  or  50  yards  in  (uameter,  which  remain  m  close  contact,  so 
that  they  cannot  be  seen  over  from  the  ship's  mast,  they  are 
termed  3,  pack.  When  the  collection  of  pieces  can  be  seen  over, 
and  when  it  assumes  a  circular,  or  polygonal  form,  it  is  callied  a 
patch.  When  it  is  long  and  narrow,  it  is  called  a  stream. 
Pieces  of  very  large  dimensions,  but  smaller  than  fields,  are 
called /2oes.  Small  pieces  which  break  off  and  are  aeparated 
firom  tne  larger  masses  by  the  effect  of  attrition,  are  called  brask 
ice.  Ice  is  said  to  be  loose,  or  open,  when  small  pieces  are  so 
far  separated  as  to  allow  a  ship  to  sail  freely  among  them.  This 
has  Ulewise  been  called  drift  ice.  A  hummock  is  a  protaberance 
raised  upon  any  plane  of  ice  above  the  common  level ;  it  often 
attains  tne  height  of  30  feet,  or  upwards.  A  calf  is  a  portion  of 
ice  depressed  by  the  same  means  as  a  hummock  is  elevated.  Any 
part  of  the  upper  surface  of  a  piece  of  ice,  which  comea  to  bie 
immersed  beneath  the  surface  of  the  water,  is  called  a  tongue.  A 
bight  is  a  bay,  or  sinuosity,  on  the  border  of  any  large  mass  or 
body  of  ice. 

When  the  ice  is  porous,  whitei  nearly  opaque,  but  having  a 
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greenish  shade  of  colour,  it  ig  considered  by  the  whalers  as 
K>nned  by  the  congelation  of  sea-water,  and  called  salt  water  ice. 
When  this  ice  is  thawed,  it  sometimes  yields  fresh  water,  and 
sometimes  brackish  water.  The  specinc  gravity  of  this  ice, 
according  to  Mr.  Scoresby,  is  0'873. 

The  name  fresh  water  tee  is  applied  to  ice  which  has  a  black 
appearance  while  floating  in  the  sea,  but  a  beautiful  green  hue 
and  transparency  when  removed  into  the  air.  Its  transparency 
is  usually  mterruptedby  numerous  small,  pear-shaped  air-bubbles. 
Wlien  formed  into  convex  lenses,  it  collects  the  sun's  rays  into  a 
focus,  and  sets  fire  to  gunpowder,  &c.  precisely  as  a  glass  lens 
would  do.  Its  specific  gravity,  accordmg  to  Mr.  Scoresby,  is 
0-937. 

It  has  been  conceived  by  many,  that  the  ice  which  covers  the 
polar  seas  has  its  origin  firom  the  land  :  but  Mr.  Scoresby  is  of 
^imon  that  the  vicinity  of  land  is  not  necessary  for  the  forLtion 
(tf  ice.  He  has  seen  the  sea  freeze  at  a  distance  from  land,  both 
when  smooth  and  when  agitated  by  the  wind ;  and  he  describes 
the  sqppearances  which  take  place  m  both  cases.  He  conceives 
that,  during  the  summer  months,  the  polar  ice  splits,  and  one 
portion  separates  to  a  distance  from  the  other,  in  winter,  the 
interval  between  these  two  portions  freezes,  and  becomes  covered 
with  snow.  This  snow  is  melted  during  the  ensuing  summer, 
and  the  pond  of  water,  thus  formed  upon  the  ice,  fireezing  the 
ensuing  winter,  constitutes  a  field  of  ice. 

Fields  have  a  constant  tendency  to  drift  to  the  south-west. 
This  occasions  the  destruction  of  many,  whose  place  is  suppUed 
by  others  firom  the  pole.  Fields  sometimes  acquire  a  circular 
niotioD  of  three  or  four  mUes  an  hour.  When  two  fields  moving 
different  ways  meet,  they  act  upon  each  other  with  prodigious 
energy,  breaking  e<^h  o&ier  in  ^eces,  and  piUng  up^the^ig. 
ments  to  a  great  height.  When  ships  are  mterposed  between 
two  fields,  in  such  a  case,  the  consequence  is  alarming,  and 
often  destructive. 

The  term  iceberg  is  commonly  applied  to  those  immense  bodies 
of  ice  situated  on  the  land,  nUing  the  valleys  between  high 
mountains,  and  generally  exhibiting  a  square  perpendicular  front 
towards  them.  They  recede  backwards  inland  to  an  extent^ 
never  explored.  Large  pieces  may  be  separated  firom  these  ice* 
beigs  in  the  summer  season.  These  masses,  floating  in  the  sea, 
still  retain  the  name  of  iceberss^  ice  islands,  or  ice  mountains.  In 
height,  above  the  surface  of  the  sea,  they  may  be  100  feet,  or- 
more,  and  below  the  surface,  100  yards,  or  more  ;  while  their 
diameter  varies  firom  a  few  yards  to  some  miles.  They  abound 
in  Davis's  Strait ;  but  are  few  in  number  and  small  in  size  off 
the  coast  of  Spitzber^en.  On  that  account,  Mr.  Scoresby  thinks 
that  they  rather  origmate  in  sheltered  bays  of  the  land  than  from 
land  iceoergs.  They  occur  also  at  some  hundred  miles'  distance 
firom  land  towards  the  nprtb.    The  perpetual  acQumuktiou  ^ 
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snow,  8cc.  from  th^  atmosphere  during  a  long  anccesdiod  Of  oenh 
iuriesy  ia  sufficient,  in  the  author's  opinion,  to  acoount  for  the 
existence  of  the  largest  ice  mountains  than  can  be  supposed  to 
exist. 

The  icy  barrier  at  the  return  of  spring  exhibits  the  following 
general  outline.  After  doubling  the  southern  promontory  of 
Greenland,  it  advances  in  a  north-eastern  direction  along  the 
east  coast  enveloping  Iceland  as  it  proceeds,  until  it  reaches 
John  Mayne's  Island,  in  latitude  71^  ]N.,  longitude  about  5^^  W. 
Passing  this  island  on  the  north-west,  but  frequently  enclosing 
it  likewise,  it  then  trends  a  little  more  to  the  eastward,  ^^ 
intersects  the.  meridian  of  London  in  the  71st  or  72d  degree  of 
latitude.  Having  reached  the  longitude  of  6,  8,  or  perhaps  10 
degrees  east  in  the  73d  or  74th  degree  of  north  latitude,  if  sud- 
denly stretches  to  the  north,  sometimes  proceeding  on' a  meridian 
to  the  latitude  of  80^ ;  at  others,  forming  a  deep  sinuosity, 
extending  two  or  three  degrees  to  the  northward,  and  then 
south-easterly  to  Cherry  Island,  which  having  passed,  it  assumes 
a  direct  course  a  httle  south  of  east,  until  it  forms  a  junction  with 
tjie  Siberian,  or  Nova  Zemblan  coast.  When  the  ice  at  the 
extremity  of  this  remarkable  bay  occurs  so  strong  and  so  cohk 
pact  as  to  prevent  the  approach  to  the  shores  of  Spitzbergen,  and 
the  advance  northward  beyond  the  latitude  of  75  ,  or  76°,  it  is 
said  to  be  a  close  season.  On  the  contrary,  it  is  called  a&  open 
season  when  an  uninterrupted  navigation  extends  along  the 
western  coast  of  Spitzbergen  to  Hackluyt's  Headland,  ft  is 
about  latitude  80°  that  the  haunt  of  the  whale  occurs.  The  grea^ 
object  of  the  whaler  is  to  get  into  that  situation,  and  much  dex* 
terity  and  intrepidity  are  necessary  to  enable  him  to  get.  m 
speedily  as  possible  into  the  proper  fishing  latitude.  The  loose 
ice  which  opposes  his  passage  northwards  has  disappeared  by  the 
middle  of  June,  wh6n  he  has  to  return  home. 

II.  On  the  Mineralogy  of  the  Read  Head,  in  Angusskire.  Bf 
the  Rev.  John  Fleming,  D.D.  F.R.S.E. — This  district,  wUdb 
may  be  considered  as  the  termination  of  the  great  valley  of  Strath- 
more,  consists  partly  of  alluvial  beds  and  partly  of  floetz  rocks. 
The  alluvial  beds  consist  of  sand  and  gravel,  and  may  be  seen 
along  the  banks  of  the  Brothick  and  the  Lunan,  two  small  rivers 
whicSi  run  into  the  sea  at  this  place.  The  beds  of  sand  are 
parallel  to  each  other ;  but  they  dip  in  some  places  at  an  ai^le 
of  24°.  Dr.  Fleming  adduces  this  fact  as  a  demonstration  tiial 
the  Huttonian  ajdom,  that  beds  deposited  at  the  bottom  of  a 
liquid  must  be  horizontaly  is  not  always  true. 

The  floetz  rocks  in  this  district  sure  the  old  red  sandstoM, 
which  skirts  the  Grampians  on  both  sides,  and  runs  from  the  east 
to  the  west  sea.  Dr.  Fleming  considers  the  hills  of  Kiimoul 
and  Moncrief,  the  Ochil  Hills,  and  Arthur's  Seat,  as  belonging 
to  the  old  red  sandstone,  and  constituting  beds  in  it.  If  this 
opinion,  which  was  advanced  by.  Professor  Jameson  in  a^  piqMr 
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published  some  yean  ago  in  the  Aimab  of  Philosophy ,  be  cor* 
cecty  it  will  follow  from  it  that  most  of  the  rocks  supposed 
bitherto  to  be  peculiar  to  the  newest  floetz  trap  formation, 
belong  to  the  old  red  sandstone,  and  constitute  subordinate  beds 
in  it.  Thus  if  East  Lothian  consists  of  old  red  sandstone,  the 
>orphyry  slate  of  North  Berwick  law,  and  Traprene  law,  and  the 
ioetz  trap  rocks  of  Dunbar,  must  constitute  beds  in  the  sand- 
stone. This  would  probably  be  made  out  in  a  satisfactory 
nanner  by  travelling  along  the  south  coast  of  the  Frith  of  Fortn 
Srpni  Prestonpans  to  Dunbar,  as  the  rocks  are  exposed  for  the 
greatestpart  of  that  way. 

III.  Description  and  Analysis  of  a  Specimen  of  Native  Iron 
found  at  Leadhills.  By  Mr.  H.  M.  Dacosta,  M.W.S.— The 
specimen  was  found  associated  with  galena,  and  was  discovered 
by  the  workmen  from  its  resisting  the  blows  of  a  hammer.  It 
possessed  the  external  characters  of  iron,  and  was  found  com- 
posed of 

Iron 16*5 

Silica I'O 

Loss,  chiefly  sulphur 0*5 

18-0 

TV.  Mineralogical  Observations  in  Galloway.  By  Dr.  Ghier- 
lon. — ^There  are  three  diflferent  granite  districts  in  Galloway. 
Dr.  Grierson  formerly  gave  an  account  of  the  middle,  or  Dee  ^ 
district,  in  a  paper  published  in  a  former  volume  of  the  Annals 
of  Philosophy.  The  object  of  this  paper  is  to  give  an  account 
of  the  western,  or  Doon  granite  district.  This  district  lies 
between  Loch  Doon  and  Loch  Dee,  and  probably  extends  eight 
miles  in  length  and  four  miles  in  breadth,  it  is  covered  on  all  sides 
by  a  rock,  to  which  the  author  has  given  the  name  of  compact  gneiss., 
Tins  gneiss  rock  can  be  traced  sometimes  for  a  mile,  and  some- 
times only  for  a  few  hundred  yards.  Greywacke  always  covers 
it;  at  least,  Dr.  Grierson  no  where  found  the  greywacke 
in  contact  with  the  granite.  Fragments  of  the  gneiss  are 
frequently  met  with  in  the  granite.  It  contains  likewise  nume- 
rous beds  of  felspar  porphyry. 

y.  Lithological  Observations  on  the  Vicinity  of  Loch  Lomond. 
By  Dr.  Macknight. — ^The  rocks  round  Loch  Lomond  are  mica 
slate,  which  continues  to  Ben  Lomond,  which  is  itself  composed 
of  it.  The  mica  slate  contains  thick  beds  of  felspar  porphyry 
and  greenstone.  Immediately  to  the  south  of  Ben  Lomond,  the 
clay  slate  rocks  commence.  At  Luss  and  Camstradden,  they 
are  quarried  for  roofing  slate.  The  clay  slate  is  followed  by 
greywacke  and  greywacke  slate,  and  these  transition  rocks  are 
followed  by  the  old  red  sandstone. 

I  had  an  opportunity  last  autumn  of  examining  a  small  portion 
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of  the  east  bank  of  Loch  Lomotid,  tiear  BochftaSii  House,  joii 
tfhete  the  grey wacke  terminates.  The  next  r6&k  is  s  Km^stone. 
which  is  probably  transition,  ^ougfa  it  does  Hoi  jKissesli  the  nsnu 
characters  of  that  kind  of  rock.  The  Hmestone  is  succeeded  By 
i,  rery  coa:tse  grayel  stone,  coibposed  ahnost  entirdy  of  rounded 
quartz  pebblei^,  seenungly  cemented  by  a  quartzy  matter.  Thil 
rock  is  obviously  a  modification  of  the  old  red  sandstotie,  which 
a  Kttl^  to  the  south  appeats  in  its  usual  characteritt.  tliis  pidrt  of 
the  Grampian  agrees  in  its  structure  with  er^fjr  ofhet  croAs 
section  of  these  mountains  which  I  hare  had  an  opportuiiitsr  rf 
exammmg. 

VI.  Descrij^tion  of  Ravensheuih.  By  Dr.  Mackiiight. — This 
is  the  name  given  to  a  point  of  the  coast  included  in  me  Eafl  c^ 
Haddington's  pleasure-grounds  at  Tyninghatti,  about  six  mitei 
north-west  of  JDunbar.  It  consists  of  a  set  of  beds  formilig^a 
ock,  which  exposes  a  precipitous  front  to  the  sea,  about  40  0t 
50  feet  in  height.  This  rock  is  composed  of  floetz  trap  beds 
reposing  on  old  red  sandstone.  The  trap  beds  consist  of  basalt, 
red  and  green  trap  tuff^  impregnated  witn  lime,  clinkstone,  and 
porphyry  slate.  The  curious  circumstance  attending  it  is,  that 
the  beds  of  sandstone  over  which  this  floetz  trap  rock  Ues,  seems 
to  run  beneath  the  basalt  in  every  direction,  assuming  the  foim 
of  a  vast  cup,  or  cavity,  filled  with  the  floetz  trap.  This  demt- 
sion  Dr.  Macknight  accormts  for,  by  supposing  that  the  noels 
trap  was  deposited  upon  the  sandstone  before  mis  last  rock  UNi 
completely  deposited.  Hence  it  would,  he  thinks,  squeeze  doM 
the  sandstone,  and  cause  the  depression  which  exists. 

If  this  explanation  be  well  foxuided,  the  specific  gravity  of  thi 
sandstone  below  the  floetz  trap  Would  be  greater  than  at  a  dn- 
tance  firom  it. 

VII.  Hints  resarding  the  Coincidence  which  takes  place  in  the 
Pressure  of  the  Atmosphere  at  different  Latitudes j  and  at  neiirh 
the  same  Time,  By  the  Right  Hon.  Lord  Gray,  F.RJS.  loiSta. 
and  Edin.  See. — His  Lordship  shows,  by  a  set  of  curves,  exhibft- 
iiig  the  march  of  the  barometer,  during  two  years,  at  Qordofi 
Castle,  Kinfauns  Castle,  Greenwich  Observatory,  and  PlyttioUtb^ 
that  the  rise  and  fkll  was  nearly  simultaneous  at  all  these  places. 
He  thinks  that  this  will  hold  nearly  from  the  pole  to  the  eduatot, 
and  is  exceedingly  anxious  to  have  the  means  of  veriMng  hb 
eonjecture  by  observations  made  in  the  souUiem  kettusj^efe. 

(79  te  twUtrnd.)  i 
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Dec.  10.— A  paper,  by  M.  Theodore  de  Saiissure^  wftf 
tommencedy  entitled  Observations  on  the  Decomposition  of 
Starch  by  die  Action  of  Air  and  Water  at  conunon  Temp^l^ 
fttttfes. 

Dec.  17.— The  above  paper  was  concluded.  A  portion  of 
Rtarch  simply  boiled  in  water  was  exposed  for  two  years  under  k 
riaM  jar  in  a  temperature  between  68^  and  77^.  At  the  end  of 
ttiis  tune,  about  -J^l  of  it  was  found  converted  into  saccharine 
natter,  having  all  the  properties  of  sugar  prepared  from  starch 

Sthe  action  of  sulphuric  acid,  according  to  the  method  of 
.  Kirchhoff.  On  observing  wis  curious  circumstance,  the 
•sthor  was  induced  to  examine  more  attentively  the  nature' of 
ike  changes  which  took  place.  He  found  that,  besides  sugar,  a 
qiecies  of  gum  was  formed,  similar  to  tliat  obtained  by  roasting 
starch ;  also  a  pecuUar  intermediate  substance,  which  he  deno* 
miiiftted  amidinej  while  a  substance  remained,  insoluble  in  water 
ipd  acids,  which  gave,  a  blue  colour  with  iodine,  and  was  pro<- 
haMy  starch  somewhat  altered  in  its  properties.  The  aotholr 
atttes,  that  when  air  is  present  during  tne  above  process,  water 
and  carbonic  acid  gas  are  given  off  m  considerable  ouantitietr^ 
and  that  charcoal  is  deposited ;  but  on  the  contrary,  tnat  when 
air  is  excluded  no  water  is  formed,  that  only  a  little  carbonic 
acid  and  hydrogen  are  extricated ;  and  that  no  carbon  is  depo^ 
sited.  The  author  was  unable  to  determine  whether  the  presence 
or  absence  of  air  affected  the  quantity  of  sugar  obtained.    The 

fflsr  was  concluded  with  some  remarks,  which  rendered  it  pro- 
e  that  water  is  fixed,  during  chemicd  operations,  upon  organ* 
ixfed  aobstances  more  frequently  than  is  usually  supposed. 

At  diis  meeting  also,  a  paper,  by  C.  Babbage,  esq.  was  reaif^ 
on  the  solution  of  some  proolems  relating  to  the  games  of  chance'. 
The  object  of  the  author  was  to  show,  that  a  certain  series  of 
^piestions,  hitherto  supposed  to  lie  beyond  the  reach  of  analytical 
investigation,  might  be  adapted  to  algebraic  reasoning. 

Dec.  24. — A  paper,  by  Uapt.  Duff,  R.  N.  was  read,  on  the 
prevention  of  the  dry  rot  in  timber,  by  means  of  peat  moss.  The 
author,  after  stating  the  well-known  effects  of  peat  moss  in  pre- 
serving wood  for  ages  imaltered,  suggests  that  a  set  of  experi- 
ments should  be  made  to  ascertain  the  effects  of  impregnating^ 
timber,  both  sound  and  akeady  partially  decayed  by  tne  dry  rot^ 
with  the  water  from  peat  mosses,  with  the  view  of  determining 
whether  it  possesses  any  power  in  preventing,  or  suspending,  thf 
insidious  operation  of  that  destructive  agent. 

je2 
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JVbv.S.-^A  paper,  by  Dr.  Leach,  was  read,  on  the  CymoUioadt, 
a  family  of  Crustacea,  with  Sessile  eyes. 

Nov.  17. — ^The  Society  met ;  but  adjourned  immediately  on 
account  of  the  death  of  the  Queen. 

Dec.  15.r— A  paper,  by  Joseph  Sabine,  Esq.  F.R.S.  and  F.L.S. 
was  read,  containing  ah  account  and  description  of  a  new  spedes 
of  Gull  (Lams  Sabini),  lately  discovered  on  the  west  coast  of 
Greenland,  and  which  is  characterized  by  having  a  furcate  tail, 
like  the  Tern. 

At  this  meeting  also,  part  of  a  paper,  by  Joseph  Smith,  Esq. 
F.L.S.  was  read,  entitled  ''  Some  Account  of  the  Botany  of 
Jersey,  Guernsey,  Aldeniey,  and  Sark. 
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SCIBNTIFIC   INTELLIGENCE,   AND    NOTICES   OF   SUBJECTS 

CONNECTED    WITH   SCIENCE. 

I.  Action  of  Iron  on  Water. 

M.  Guibourt  has  shown  by  a  set  of  experiments,  which  i^pear 
accurate,  that  iron  has  the  property  of  decomposing  water  at  the 
common  temperature  of  the  atmosphere;  The  decomposition  is 
most  rapid,  when  the  quantity  of  iron  bears  a  great  proportion  to 
the  quantity  of  water.  In  that  case,  the  temperature  rises  con- 
siderably, the  decomposition  goes  on  more  rapidly  in  proportion 
as  the  temperature  is  more  and  more  elevated. — (Joum.  de  Pharm. 
June,  1818,  p.  241.) 

M .  Robiquet  has  ascertained  that  the  black  oxide  of  iron 
formed  by  the  action  of  water  on  iron  at  the  ordinary  tempera- 
ture of  the  atmosphere,  is  exactly  similar  to  the  oxide  formed  by 
the  action  of  red  not  iron  on  steam.  Now  it  is  well  known  that 
this  last  oxide  is  a  compound  of  one  atom  of  protoxide  and  one 
atom  of  peroxide.  The  octahedral  iron  ore  of  mineralogists  is  a 
similar  compound . — (Ibid,  p .  308 .) 

II.  Carbonate  of  Iron. 

As  far  ^B  we  know  at  present,  the  only  oxide  of  iron  capable 
of  combining  with  carbonic  acid  is  the  protoxide.  Carbonate  of 
iron  found  native  is  a  compound  of  an  atom  of  carbonic  acid 
and  an  atom  of  protoxide  of  iron.  I  have  never  been  able  to 
succeed  in  my  attempts  to  form  a  percarbonate  of  iron,  though 
analogy  leads  me  to  suspect  the  possibility  of  the  existence  of 
such  a  salt. 

III.  Action  of  Prussian  Blue  on  Starch. 

M.  Vincent,  an  apothecary  in  France,  has  published  the  fol- 
lowing curious  fact.     If  four- parts  of  starch  and  one  part  of 
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pmssianbhie  be  mixed  and  triturated  together  in  a  mortar^ 
«o  as  to  make  as  intimate  a  mixture  as  possible,  and  this  mix-'' 
tare  be  boiled  in  a  considerable  quantity  of  water,  the  liquor,' 
before  it  reaches  the  boiling  temperature,  acquires  a  ^reen 
colour :  it  then  becomes  brown,  and  there  remains  a  precipitate, 
which  does  not  recover  its  blue  colour,  though  treated  with  acids. 
The  liquor  has  the  property  of  forming  a  yer]^  fine  prussian  blue, 
when  treated  with  a  solution  of  sulphate  of  iron  mixed  with  an 
equal  volume  of  solution  of  chlorine.  When  the  liquid  is  evapo-' 
rated,  no  gluey  substance  is  deposited ;  but  if  it  be  reduced  to 
a  small  yomme,  and  allowed  to  cool,  it  gives  a  ^utinous  matter, 
which  dries  in  the  open  air,  and  is  again  easily  dissolved  in  water, 
Ihe  starch  then  is  altered  in  its  nature,  and  converted  into  a 
kind  of  gum. — (Ibid.  p.  326.) 

IV.  DeatJu  m  Paris  during  1817. 

The  following  tables  are  so  curious  and  so  instructive  that  I ' 
have  copied  them  from  the  annual  report  pubUshed  in  the  Journal 
de  Fharmacie. 

Deathsin  1817 21,386 

1816 19,806 

Excessin  1817 1,681 

These  deaths  consist  of  13,666  who  died  in  their  own  houses ; 
fiz.: 

Males • « •  •  •  6,6997  -to  ^^-e 

Females 6,9665^'^'^^^ 

The  remainder  consist  of  276  dead  bodies  deposited  in  tiie 
Morgue,  and  7,827  who  died  in  the  hospitals,  viz. 

Males 3,8987«ft07 

Females.  ...• 3,9293''^^' 

The  number  of  persons  who  died  of  the  small-pox  in  1817 
was  488,  viz. 

Males 2607    ^o^ 

Females 2365   ^^ 

The  number  in  1816  was.  .••• 160 

Excessin  1817 836 

The  276  dead  bodies  deposited  at  t)ie  Morgue  in  1817  son* 
ttstedof 

Males. .  • • « •  •  •  2057  a7/« 

Females 715^^ 

The  number  of  drowned  in  1816  was  •  •  278 

Andihatof  suicide8,««..«»...,«»»««  188 

,  Suicides  in  1817 197 
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Jf  we  admit  that  at  least  one  half  of  tibe  drovnsiedjpenoai 
oaderwent  a  voluntary  death,  the  number  of  suioidas  in  1817  vill 
amount  to  335,  or  to  more  than  six  eveiy  week. 

In  1808,  1809, 1810,  the  anniud  number  of  suicides  was  froai 
60  to  55.    This  number  has  iaoreased  progressii^ly  since  1812. 

V.  Sqffr(m  supposed  to  prevent  Sea  Sickness. 

M.  Cadet,  who  ^nt  part  of  the  sammer  of  1817  in  LondoOt 
mentions  that  when  ne  crossed  the  channel  from  Calais  to  Dover, 
he  observed  an  English  gentleman  with  a  bag  of  aaffiron  sus- 
pended over  his  stomach.  On  inquiring  the  reason,  he  was 
told  by  the  gentleman  that  it  was  a  practice  which  he  always 
followed  when  crossing  the  channel,  because  it  preserved  him 
firom  sea  sickness.  Tne  remedy  was  found  out,  he  said,  in  the 
following  way.  A  small  merchant,  who  had  occasion  to  make 
frequent  voyages,  was  always  tormented  with  sea  sickness  when 
cai  shtp-bowrd.  One  day  he  embarked,  after  nurchasin^  a  poind 
of  saOTon,  which  he  put  under  his  shirt  in  oraer  to  avoid  wpag 
duty  for  it.  He  escaped  without  experiencing  any  sea  sicluMss, 
though  the  sea  was  rough.  Ascribmg  this  lucky  escape  to  the 
saffiron,  he  communicated  his  discovery  to  sevenu  of  his  fnendsi 
who  made  repeated  trials  of  the  remedy,  and  always  with  success. 

I  have  translated  the  above  passage  from  the  Joum.-dePharm. 
July,  1817,  p.  336,  though  far  from  implicitly  believing  that 
aamon  is  likely  to  oure  this  hitherto  incurable  malad)[ ;  bwt  that 
the  alleged  cure  may  be  generally  known,  and  that  its  effiooqf 
may  be  tried  by  those  who  have  occasion  for  the  remedy* 

VI.  Purification  of  Platinum. 

Hie  Marauis  of  Ridolfi  has  proposed  a  method  of  purifring 
platinum,  wnich  seems  worth  the  attention  of  those  who  have 
occasion  for  platinum  vessels  for  the  purposes  of  manuimcture,  as 
it  would  materially  diminish  the  price  of  that  expeiuaive  metal. 
It  is  obvious  that  the  platinum  will  not  be  obtained  quite  free 
from  lead';  but  it  is  not  probable  that  the  smaU  portion  of  that 
metal  still  left  in  it  would  render  it  injurious  to  the  sulphuric 
acid  makers,  who  are  the  manufacturers  that  chiefly  employ 
platinum  upon  a  great  scale. 

'  Ridolfi  aepal'ate^  mechaaicajly  such  foreign  bodies  «as  can  be 
detected  by  the  eye  in  crude  platinum.  He  then  washes  it  in 
dilute  muriatic  acid.  The  next  step  of  the  process  is  to  fuse  the 
cmde  metal  with  four  times  its  weight  of  lead,  and  to  thirow-tfae 
melted  alloy  into  cold  water.  It  is  then  pulverized,  mixed  iwith 
its  own  weight  of  sulphur,  and  thrown  into  a  hessian  crucible 
previously  heated  to  whiteness.  A  cover  is  placed  on  the 
crucible,  and  it  is  kept  at  a  red  heat  for  10  minutes.  When 
allowed  to  cool,  a  bnDiant  metallic  button  is  found  under  the 
scoiiaj,  composed  of. platinum,  lead,  and  sulphur,  A  Iktle  more 
lead  is  added,  and  the  alloy  is  fused  a  second  time.  The  sulphur 
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Hep^n^  Vith  the  new  scorise^  and  there  remains  an  alloy  of 
{J9tlIll^Q  9iv}  ]£%A.    This  alloy  is  heated  to  whiteness,  and 
while  in  t^  isjtiite,  haxjomered  upon  an  anyil  with  a  hot  hammer. 
.  The  jteaid  is  squeezed  out,  and  the  platinum  remains. 

PlatiQam  opt^ined  in  this  way  is  as  ^laUeable  and  ductile  as 
the  finest  platinum.  Its  specinc  gravity  is  said  to  be  22*630. 
If  so,  it  must  be  ^oyed  with  lead ;  for  pure  platinum  is  not  so 
jbeaFy. 

YII.  JEUumicAcid. 

Soxne  years  ago  a  ^j^j^x  by  Mr.  Henderson,  on  the  ^cid  of 
rhubarb,  was  inserted' in  ih^  Annals  of  Philosophy.  The  residt 
of  his  e3q)eriihents  led  him  to  consider  it  as  a  peculiar  acid, 
wl^dch  he  distinguished  by  the  name  of  reumic  acid.  The  o;aly 
/jkaracteristic  property,  however,  by  which  he  was  able  to  distin- 
guish it,  was  that  of  dissolving  mercuiy* 

A  8et  of  experiments  on  the  juice  of  t;he  rA€i/;7t  ponticum  has 
Jtte^  lately  made  by  AJE.  Lassaigne,  with  a  view  or  verifying  the 
xefiults  obtained  by  Mr.  Henderson.  The  juice  of  this  plant  is 
9hu];i4^^9  ^^d  very  acid:  but  the  acid  possesses  all  the  c^arac- 
tejB  of  Ij^e  oxalic,  and  has  no  action  whatever  upon  metaUic 
.mercivy.  The  reumic  acid,  of  course,  does  not  exist  as  a  pecu- 
liar acid.-^See  Arm.  de  C]^.  et  Phys.  viii.  402.) 

VIII.  Perchloric  Acid. 

Sir  Humphry  Davy  has  verified  the  curious  discovery  mafle 
«ome  years  ago  by  .Count  von  Stadion,  oif  a  combination  of 
iddorine  and  oxysen,  containing  more  oxygen  than  chloric  acid, 
and  which,  therefore,  may  he  distinguished  by  the  name  of  p€|r- 
chloric  acid.  A  particular  account  of  the  expejwents  of  Count 
,¥Ckn  Stadion  will  be  found  in  ;the  Annals  of  PhiloMfphy,  ix.  22. 
I  have  Ukewise  given  an  account  of  this  curious  acid  m  the  last 
edition  of  my  System  of  Chemistry, 

IX.  Aurora  Borealis  at  Sunderland,    By  Mr,  Renney. 

(To  Dr.  Thomson.) 
$^R,  Buhopwarmouth,  JVoo.  ^,  181S. 

rQn  Saturday  ni^ht,  the  31st  ult.  between  seven  and  c^ght 
o!cloGk  ^n  the  evening,  was  observed,  at  Sunderland,  that  beau- 
'^^1  phenomenon  Ijhe  aurora  borei^lis,  in  a  more  singular  form 
than  I  have  at  any  time  before  seen  it.  Due  north  appeared  a 
Tery  ,^k  dense  cloud,  nearly  in  the  form  of  a  segment  of  a 
circle  ;  the  altitude  about  ^5^,  from  behind  which  issued  upward^ 
^squally  fine  r^tdii,  about  20^  in  length,  and  gave  light  equal  to 
the  twilight  in  summer,  casting  a  sensible  shadow  against  a  w^^ 
facing  the  north,  and  had  a  very  fine  appearance.  The  remaindc^r 
of  the  hemisphere  was  perfectly  clear.  About  11,  the  cloud  had 
ji}ie  (»ame  appearance,  but  the  r^dii  very  much  altered ;  in  |H)iiif 
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places,  hardly  to  be  perceived ;  in  others,  yery  strong ;  andniiaiy  • 
of  the  radiant  points  extended  southward  ot  the  polar  star,  -and 
very  brilliant.  An  hour  afterwards,  the  radiant  points  were  less 
vivid,  and  the  dark  cloud  seemed  to  br^ak  off  towards  the  south. 
Perhaps,  it  may  be  worthy  of  remark,  that  a  south  wind  gene- 
rally prevails  shortly  after  the  appearance  of  this  phenomenon. 

Many  persons  in  our  streets  seemed  to  consider  this  pheno^ 
menon  as  intended  hy  the  Supreme  Disposer  of  events,  to  fore- 
show some  heavy  calamity  coming  upon  the  earth.  But  we  are 
not  supported  by  just  principles  of  reason  in  forming  such  a 
conclusion ;  for  let  it  be  considered,  that  at  Greenland  it  is  seen 
almost  every  night,  and  was  very  useful  to  three  of  our  country- 
men who  wintered  there,  being  left  at  Spitzbergen  in  Aug.  1630, 
till  the  following  year,  an4.  m.ust  be  so  in  general  to  the 
inhabitants  of  that  drean"  region.  Very  frequently  it  is  seen  at 
Iceland,  Lapland,  and  Siberia,  and  about  the  Shetland  Isles, 
where  the  inhabitants  know  this  phenomenon  by  the  appellation 
of ,  the  merry  dancers ;  and  how  are  we  to  ascertain  to  what 
state,  or  nation,  such  calamity  is  portended  by  this  phenomenon, 
or  when  it  will  happen  ?  Are  those  nations  where  it  is  seen  so 
constantly  to  be  as  constantly  visited?  and  are  they  always 
visited  when  this  sign  appears  ?  The  fact  is  quite  otherwise ; 
for  at  such  times  as  this  phenomenon  has  been  most  extraordi- 
nary, so  as  to  merit  the  regard  of  historians,  nothing  peculiariy 
tragical  is  related  in  connexion  with  it,  or,  at  least,  historians 
have  not  noticed  any  such  calamity,  or  could  not  find  any  such 
to  apply  to  it ;  therefore,  we  should  regard  the  aurora  borealis 
not  as  a  token  of  Divine  displeasure,  but  what  it  really  is,  one  of 
the  ordinary  phenomena  of  nature,  to  be  ranked  with  comets, 
meteors,  mock-suns,  &c.  Should  you  think  the  above  interest- 
ing to  the  readers  of  your  journal,  the  insertion  will  much  oblige, 

Sir,  your  obedient  and  humble  servant, 

Robert  Rennet. 
Erratunu 

Vol.  ix.  p.  251,  line  4,  and  index,  for  Pensey  rcflrf  Renney. 

X.  Death  of  Professor  Bucholz, 

The  chemical  readers  of  the  Annals  of  Philosophy  will  leam 
with  regret  the  death  of_Christian  Fredenck  Bucholz,  an  Apothe- 
cary, Doctor  of  Sciences,  and  Professor  of  Chemistry  at  Erfort, 
in  Saxony.  He  died  on  June  8,  1818.  In  the  Joum.  de  Pharm- 
(Oct.  1818,  p.  487),  where  Bucholz's  death  is  announced,  he  is 
said  to  have  been  in  the  49th  year  of  his  age.  But  I  conceive 
that  there  must  be  some  mistake  in  this  statement ;  for  the  first 
chemical  paper  of  Bucholz,  on  the  mode  of  preparing  the  fusible 
^alt  of  unne,  was  published  in  1771,  or  47  years  ago  (Chym. 
Abhandlung  vom  schmelzbare  Urinsalze.  In  N.  Hamb.  Magazin, 
p.  68).  Now  we  cannot  suppose  him  to  have  begun  to  pubUsh 
the  results  of  his  chemical  experiments  till  he  was  at  least  15  or 


81 9i}  Scientific  Intelligence .  73 

16  years  of  age.  I  conceive,  therefore,  that  he  must  have 
reached  at  least  the  age  of  60.  His  health  was  for  many  years 
excellent ;  but  it  was  injured  during  the  last  war  of  Bonaparte  ia 
Germanv,  particularly  by  the  siege  of  Erfort.  His  sight  became 
very  feeble  during  the  latter  years  of  his  Ufe  :  he  became  almost 
bUnd,  which  threw  him  into  a  profound  melancholy.  His  charac- 
ter is  represented  as  very  amiable.  He  has  left  behind  him  a 
widow  and  one  son,  who  is  said  to  possess  the  abiUties  of  the 
fitther. 

Bucholz  was  one  of  the  most  active  and  accurate  chemists 
which  Germany  possessed.  His  publications  are  exceedingly 
numerous,  and  all  of  them  stamped  by  the  most  patient  industry. 
He  was  an  apothecary,  and  devoted  much  of  his  time  to  the 
improvement  ot  his  art.  He  was  in  the  habit  of  pubKshing  an 
annual  volume  on  the  subject.  He  published  three  volumes  of 
chemical  experiments,  under  the  title  of  "  Beitrage."  And  a 
vast  number  of  chemical  papers  by  him  are  to  be  found  in  Crell's 
Annals,  Scherer's  Journal,  Genlen's  Journal,  TronmisdorTs 
Jomnal,  and  Schweigger's  Journal. 

XI.  New  Yellow  Dye. 

A  chemist  in  Copenhagen  is  said  to  have  discovered  a  new 
brilliant  yellow  dye,  which  possesses  a  great  deal  of  permanence. 
He  cuts  off  the  top  of  the  common  potatoe  plant  wnile  in  blos- 
som, and  bruises  it  in  order  to  extract  the  juice.  Cotton,  or 
woollen  cloth,  steeped  in  this  juice  for  48  hours,  acquires  a  fine, 
solid,  durable,  yellow  colour.  If  the  cloth  be  now  put  into  the 
blue  vat,  a  very  fine  green  colour  is  obtained,  which  is  not 
liable  to  fade.  See  the  Journal  of  Toulouse,  called  "  Ami  du 
Roi,"  No.  82. 

XII.  New  Observations  on  the  Planet  Uranus » 

When  Herschel  ascertained  in  1781  the  motion  of  Uranus, 
astronomers. endeavoured  to  ascertain  whether  this  planet  had 
been  already  observed  as  a  fixed  star.  M.  Bode  discovered  two 
observations  of  the  planet,  the  one  in  the  catalogue  of  Flamsteed, 
and  the  other  in  that  of  Tobias  Mayer.  Lemonnier,  on  his  part, 
ascertained  that  he  had  himself  observed  it  three  times.  More 
lately,  Messrs.  Bessel  and  Burckhardt  have  found  several  posi- 
tions of  the  new  planet  in  the  catalogues  of  Flamsteed  and 
Bradley.  In  order  to  make  the  tabliss,  which  he  is  just  going 
to  publish  as  perfect  as  possible,  M.  Bouvard  has  had  the 
patience  to  go  over  line  by  line  the  manuscript  registers  of 
Lemonnier,  and  has  discovered  that  this  astronomer  had  observed 
Uranus  12  times  between  Oct.  14,  1750,  and  Dec.  18,  1771. 
The  disorder  of  these  registers,  which  rendered  the  labour  of 
M.  Bouvard  very  disagreeable^  can  alone  explain  how  Lemon- 
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nier  had  not  perceiTed  that  the  star  which  he  obaetred  had  a 
Bodon  <^its  own.  The  foDowing  is  the  Rsolt  of  the  12  obser- 
vationa  of  that  aatronooier. 
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XIII.  yew  Metal  discovered  fy  M.  Lampadim. 

Mr.  Flor,  Profesaor  of  Botany  at  Chriatiaiia,  in  NonraT,  statei, 
in  a  letter,  dated  Not.  28,  to  Dr.  MuDer,  now  in  London,  that 
M.  Lampadios  has  hitefy  discovered  in  some  English  ores  (the 
characters  of  which  are  not  mentioned),  a  new  metal,  which  he 
calls  Wodanium. 

The  same  letter  also  says,  that  vegetation  continued  lozariant 
around  Christiana  until  Nov.  11,  and  that  70  species  of  wU 
plants  continued  in  flower ;  and  that  many  of  those  idants  which 
are  found  exclusively  in  the  regions  of  ice  had  blossomed  a 
second  time,  but  had  since  died  awaj,  the  thermometer  of  Reau- 
mur being  three  degrees  above  freezing  point. 

XIV.  Red  Snow. 

This  ctorious  substance,  which  has  so  much  attracted  the  public 
attention,  is  stated  to  have  been  found  lying  upon  the  surface  of 
snow  lodged  in  ravines  for  upwards  of  a  hundred  miles  alojdg  the 
coast  of  mffin's  Bay.  ConsideraUe  quantities  were  collected^ 
and  broii^t  to  this  country  in  bottles,  containing  likewise  the 
water  of  the  snow  upon  which  it  had  originaUy  lain,  as  weO  a? 
other  substances  apparently  foreign,  and  havins  no  con|lezio^ 
with  the  colouring  matter.  The  following  observations  axe 
founded  upon  experiments  made  upon  minute  quantities  only, 
and  are  to  be  understood  to  apply  to  the  colouring  substance 
•eparated  nearly  from  all  foreign  mgredients. 

On  opening  the  phial  contaimng  the  substance  di^sed  (iMXiu^b 
the  snow  water,  a  very  offensive  odour,  similar  to  that  ojT  putn4 
'  aea^-weed,  or  excrement,  was  perceptible.  After  standing  some 
time,  the  colouring  matter  slowly  subsided^.  Laying  the  water 
colouriess.  When  egcamined  "^iw  a  magnifier,  it  fiw^tMred  to 
consist  of  minute  particles^  more  orless  globidar,  andoaaUo^w- 
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ish  ted  colour.  Separated  and  dried  upon  a  filter,  the  red  colour 
graduaUy  disappeared,  and  was  succeeded  by  a  yellowish  green 
hue.  Tne  smell  also  was  different,  and  somewhat  resembled 
train  oil.  It  was  insoluble  in  alcohol,  caustic  potash,  and  indeed 
in  all  other  menstrua  tried,  even  when  assisted  by  heat.  Nitric 
acid,  assisted  by  heat,  rendered  it  ^en ;  if  concentrated,  and 
in  excess,  this  acid  decomposed  it  entirely;  and  when  the 
excess  of  acid  was  expelled  by  heat,  a  greenish  yellow  residuum, 
without  the  least  trace  of  the  pink  hue  afforded  by  Uthic  acid 
under  similar  circumstances,  was  obtained.  Chlorine  bleached 
it  immediately. 

When  exposed  to  heat  alone,  it  yielded  a  dense  white  smoke, 
which  was  very  inflammable.  The  charcoal  left,  after  incine- 
ration, afforded  a  very  minute  quantity  of  ashes,  containing  traces 
of  lime,  iron,  and  silex,  the  last  two  of  which  were  probably 
extraneous* 

From  these  observations,  it  is  evident  that  this  substance  does 
not  owe  its.  colour  and  oth^  properties  to  lithic  acid,  or  oxide  of 
iron.-  It  seems,  on  the  contrary,  to  be  an  organized  substance  ; 
and  the  most  general  as  well  as  probable  opinion  respecting  its 
nature  appears  to  be,  that  it  is  a  production  of  some  cryptoga- 
mous  plant.  '  The  naturalist,  therefore,  wiU  pr6bri>ly  be  oetter 
enabled  to  explain  its  origin  and  nature  than  me  chemist. 

fVom  the  circumstance  of  the  red  colour  disappearing  by  expo- 
sure to  the  air,  it  seems  to  have  undergone  some  diange  by 
'keeping. 

XV.  Sea  Snake  rf  America. 

Extracted  from  a  letter  from  T.  Say,  Esq.  of  Philadelphia,  to 
Dr.  Leach : 

'^  I  have  to  regret  that  viany  of  the  scientific  journals  of 
Europe  have  taken  serious  notice  of  the  absurd  atoiy  which  has 
originated  to  the  eastward  about  the  sea  serpent ;  a  story  attri- 
buted here  to  a  defective  observation,  connected  with  an  extra- 
.ordinary  degree  of  feiyr.  You  ha^re  probably  been  informed  that 
Capt.  Kich  lias  explained  the  idiole  business ;  he  fitted  out  an 
expedition  purposefy  to  take  this  leviathan ;  he  was  succe^alul  in 
fiistening  his  harpoomin  what  was  acknowledged  iby  aU  his  crew 
to  be  the  veritieible  sea  serpent  (and  which  several  of  them  had 
previously  seen  and  made  oath  rto);  but  when  drawn  from  the 
water,  and  full  within  the  ^xheve  of  their  vision,  it  proved  to 
their  perfect  conviction  that  the  sea  serpent  which  fear  had 
loomed  to  the^gantic  length  of  100  feet,  was  no  other  than  <a  ' 
harmless  Tunny  (Sohomber  Tbynnus)  nine  or  ten  feet  long. 
Thus  nstturol  history  is  probably  indebted  to  Capt.  Rich  for 
keeping  from  its  pages  an  account  of  a  second  Kraken ;  and  a 
memorable  instance  is  added  to  the  catalogue  of  creduUty  already 
pregnant  with  warning  to  naturalists.'' 


Coloiui  Beaufoy'i 


Articlb  XIV. 

Mcgtutieal  and  Mtteorolog^cal  OAcemtfiow. 
By  C<A.  Beanfi^,  FJt-S. 

BuiJuy  Heath,  near  Stanmon. 
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ke  obierrallons  in  each  line  of  tbc  toble  »pplj  tn  ■  perlad  at  iwcniy.foui 
fl,lMi;iDaliig  at  9  A.  H.  oa  Ihe  day  lidiiMcd  la  Ue  t*M  r^MUi.  A  daik 
i»ii,  ihtt  Ibe  remit  it  iacluded  in  tht  next  following  nliiervalion. 


Mr.  Mhmwrfs  Udanlogkal  JornmO.    [Jak.  1819. 


JTiHiifi  Wnf*  ***  Fair:  clowdy,  with  a  itfg  Wcfie.  S.  GErriCeoding  to 
jO^MK^  «.■.:  Onaribt  beneack  Gmstrmtmz  little  wiad.  8S.  Wet,  glooBjTy 
&,■.:  ^r,  p.B.:  at  mb-kc,  r«te<#le«Rd  C&rri,  vitk  araace  la  the  twilig^lMt. 
^  Fog^  BoroiBf :  the  dew  frozen  ia  the  gras:  the  vaaeat  SW.  25.  A  very 
dIeBBe  Curmtrmtmsj  a.  ■.  fomiof  a  nist,  which  did  aot  reach  to  the  tops  of  the 
tfees :  a  solar  halo  at  1 1 :  nore  clear  ia  the  eveaiag :  laia  ia  the  aight :  the  wind 
SW  to  SE.  S6.  Wet,  windj  noniiag:  fair  aad  cloadj,  p.B.  and  nif;ht* 
Vr,  S8L  Cloadj.  S9.  Gloomj,  £ur,  cala.  30.  A  hrceze,  with  UflU  doads:  ioe, 
f.  ■.  with  Caiaa/j. 

Tmel/ik  M^mtk. — 1.  Raia  io  the  night.  2.  The  Taaeat  N«  a.  nu  bat  ia  the  aight 
^wiad  cane  foSW,  blowing  fresh,  with  a  little  raia.  S.  Vaae  at  S  ih  the  moro- 
fa^y  with  awch  wind:  doaij.  4.  Fair,  wiady,  daady.  T.  A  drixzling  raia 
ihra^h  the  day.  6.  Hoar  frost.  8.  Showcty,  a.  a.  9.  Wet.  10—80.  Chiefly 
fhir^aad  doody:  at  iaCerrals,  fiae,  with  the  wlad  ■odaate:  very  white  hoir 
fnu  OB  wamt  of  the  latter  ■omiagi,  with  riae  to  the  top8  of  tho  trees.  Laije 
coroaa  were  frcqaent  ia  the  efcaiags,  aad  laaar  hala  occarrcd  aiore  thu 
\  bat  the  dates  were  aot  noted. 

RESULTS. 
Wiads 


Barometer:  Greatest  height 30*40  iachci^ 

a  Least 29^ 

Mean  of  the  period 29*925 

Tbennoaieter :  Greatest  height 58^ 

Least. 16 

Mean  of  the  period 41*20 

Meanof  theHjgrometer 79 

EraporatioB 0*35 

Bain 1-T5 

The  Ibw  nocturnal  frosts  that  occarred  in  the  present  season  ap  to  the  middle  of 
the  Booth  were  so  slight  as  to  permit  the  iVoslMreiiaas  (the  teaderest  of  oar  aatom- 
■al  garden  flowers)  to  contioae  to  Tegetate:  other  indications  of  the  mildnem  of 
the  season  were  equally  striking.  I  obserTcd  a  horse-chesnut  with  tufts  of  new 
leaves  aad  blossoms  put  forth  from  the  ends  of  the  branches  all  over  the  tree ;  bat 
the  severe  nights,  and  some  frost  by  day,  since  the  15th,  have  put  a  seasonable  stop 
to  vegetation.  The  temperature  of  the  latter  half  of  the  period,  and  the  hygro- 
M0tcr  throughout,  were  noted  at  the  laboratory. 

TvmiiHAV,  Tws//(A  JfoaO,  22,  1818.  L.  HOWARD. 
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Article  I. 


Short  Account  of  the  Scientific  Writings  of  Dr,  Ingenhouszi 
By  Thomas  Thomson,  M.J&.  F.R.8. 

In  volume  X,  p.  161,  of  the  Annals  of  Philosophy,  there  is 
inserted  a  biographical  account  of  Dr.  In^enhousz,  in  which 
Dr.Garthsj[iore,  the  writer  of  the  article,  has  given  a  short  account 
of  the  writings  of  this  ingenious  philosopher.  Probably  the, 
readers  of  the  Annals  will  not  be  displeased  if  I  take  a  short 
review  of  such  of  Dr.  Ingenhousz's  papers  as  I  have  had  an 
opportunity  of  reading,  and  endeavour  to  point  out  the  particular 
scientific  discoveries,  or  improvements,  for  which  we  are  indebted 
to  him. 

1.  His  first  paper  on  the  torpedo  was  published  in  the  Philo- 
sophical Transactions  for  1775.  It  merely  informs  us  that  being  in 
Leghorn  in  December,  1772,  be  went  out  20  miles  to  sea,  and 
caught  a  number  of  torpedoes.  He  verified  the  power  whiclt 
this  fish  has  of  giving  electric  shocks.  These  shocks  he  found 
Very  weak,  which  is*  usually  the  case  in  winter,  and  they  could 
lot  be  communicated  through  a  chain  of  metal. 

It  was  in  1773  that  Mr.  Walsh  made  his  celebrated  observa* 
tions  and  experiments  on  torpedoes.  These  experiments  had 
been  pubUshed  before  Dr.  Ingenhousz's  paper,  and  of  course, 
had  anticipated  all  the  facts  contained  in  it.  But  it  would  appear 
from  a  comparison  of  dates,  that  Dr.  Ingenhousz's  experiments 
were  made  at  least  as  early,  if  not  earlier,  than  those  of  Mr* 
Walsh.  The  subsequent  experiments  of  Mr.  Cavendish,  and 
the  comparison  of  the  electrical  organs  of  the  torpedo  with  those 
}f  the  voltaic  battery,  have  thrown  much  additional  light  on  the 
Vol.  XIII.  N<>  II.  F 
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electrical  powers  of  this  and  several  other  similarly  endowed 
fishes,  and  have  quite  thrown  into  the  shade  the  few  facts  com- 
municated by  Dr.  Ingenhousz  in  this  paper. 

2.  Easy  Methods  of  measuring  the  Diminution  of  Bulk  taking 
place  on  the  Mixture  of  Common  and  Nitrous  Air ;  with  Experi- 
ments on  Platina.    Phil.  Trans.  1776,  p.  257. — Dr.  Ingenhoiwz 
employed  Fontana's  eudiometer  in  his  experiments  on  the  dimi- 
nution produced  by  mixing  common  air  and  nitrous  eas ;  and  he 
describes  in  thi3  paper  several  ingenious  methods  wnich  he  had 
recourse  to  in  order  to  determine  more  accurately  the  bulk  of 
the  two  gases  before  mixture.     But  thoughi  Dr.  Ingenhousz 
appears  to  have  bestowed  great  attention  upon  this  mode  of 
determining  the  purity  of  air,   and  though  ne  continued  his 
exDeriments  for  a  lone  series  of  years,  chemistry  derived  veiy 
litue  advantage  from  the  result  of  his  researcbes.    His  notion  of 
the  nature  and  constitution,  both  of  common  air  and  nitrous 
gas,  was  inaccurate,  and  of  course  his  opinion  of  the  cause  of 
the  diminution  of  bulk  which  takes  place  when  they  are  mixed 
was  equally  erroneous.    Besides,  he  was  not  aware  of  the  many 
circumstances  which  produce  variations  in  the  condensation 
even  when  the  state  of  the  two  gases  before  mixture  is  precisely 
the  sflme.    The  first  person  that  pointed  out  the  method  of 
making  this  ex))eriment  with  the  re(][uisite  accuracy  was  Mr 
Cavendish,  in  a  paper  on  a  New  Eudiometer,  published  in  the 
Phil.  Trans,  for  1783.    He  showed  in  that  paper  that  thife  purity 
of  common  air  does  not  vary  at  different  seasons  of  the  year,  and 
in  different  places,  as  had  been  previously  supposed ;  but  that 
when  the  experiment  ift  correctly  made,  we  &nd  its  puri^,  or 
the  proportion  of  its  constijtuents,  always  exactly  the  same.    It 
fltrtnef  appears  from  Mr.  Cavendish's  experiments,  that  lAnsa 
common  air  is  let  up  into  nitrons  gas,  bubble  by  bubble,  agitating 
the  nitrous  gas^  during  the  whofe  time,  over  water,  that  ojeyg^i 
combines  with^  and  condenses  almost  exactly,  four  times  its 
volume  of  nitrous  gas.    Much  pains  have  been  taken  by  some 
at  the  most  ingenious  chemists  of  the  present  day,  partieulaclY 
by  Mr.  Dalton  and  M.  Gay-Lussac,  to  determine  how  ttmdb 

Strotts  gas  is  capable  of  umting  with  oxygen  gas.  But  I  con- 
2er  Mr.  Cavenoish's  determination  of  the  maximum  of  niteoos 
gas  as  fully  as  accurate  as  any  of  the  subsequent  experimepts^ 
U  seems  to  be  nearly  agreed  upon  that  the  minimum  proportioa 
of  nitrous  gas  is  one  volume  of  oxygen  gas  and  1^  of  nitroaa 
gas.  This  proportion  was  first,  I  beheve,  hit  upon  by  Sir.  H. 
Davy. 

Df.  Ingenhous2fs  observations  on  platina  are  of  little  vahie. 
He  found  the  grains  of  native  platina  attracted  by  the  ma^iliet. 
He  could  not  melt  them ;  but  on  passing  an  electric  shock 
throu^  a  patcel  of  these  grains  put  into  a  small  glass  tube,  he 
cemented  them  together.  We  now  know  that  the  magnettdk) 
properties  of  the  grains  of  platina  are  owmg  to  the  presence  of 
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iron  with  which  that  metal  is  alloyed.    Platinum  in  a  state  of 
purity  is  not  in  the  least  attractMl  by  the  magnet. 

3.  A  ready  Way  of  ligMing  a  Candle  by  a  very  inoderatt 
Electrical  Spark.  Phil.  Trans.  1778,  p.  1022. — Dr.  Ingenhousz, 
if  we  arc  to  form  our  opinion  of  hip  from  his  writings,  seems  to 
have  been  rather  attached  to  pe^de  and  show,  and  probably 
took  great  dehght  in  exhibiting  brilliant  experiments  to  others. 
Some  of  the  most  showy  expenments  (if  they  be  entitled  to  ihe 
name),  still  exhibited  m  chemical  lectures,  were  contriyed  by 
him ;  such  as  the  combustion  of  iroti  wir6,  of  camphor,  and  .of 
phosphorus  in  oxygen  gas,  and  the  inflammable  air  pistol  by 
means  of  common  air  and  ether.  The  experiment  described  id 
this  paper  tnay,  perhaps,  without  much  impropriety,  be  classed 
along  with  tnose  just  mentioned.  He  kept  by  niin  a  ready 
charged  Leyden  jar,  the  knob  of  which  was  bent  a  little  so  as 
rather  to  hane  oyer  the  jar.  He  had  likewise  an  assortment  of 
brass  wires  of  the  reduisite  length  with  a  little  cotton  tied  loosely 
at  one  end  of  each.  TUis  cotton  was  dipped  into  finely  powdered 
resin.  '  One  end  of  the  wire  being  brought  in  contact  with  the 
outside  coating  of  the  jar,  the  other  extremity  to  which  thel 
cottotf  was  attached  was  btought  near  the  knpb.  A  spark  wa)s' 
discfattfged,'  which  set  fire  to  the  cotton,  and  by  means  of  this' 
flanie,  which  lasted  aboirt  half  a  minute,  it  was  easy  to  light  a 
candle. 

4.  Electrical  Experiments  ^o  explain  how  far  the  Phihomeha! 

?^  the  Electrophatus  mtxy  he  accounted  for  hu  Dr,  Franklin's 
^heorw  of  Positive  and  negative  Electricity.  Phil.  Tratis.  1778/ 
p.  1037. — This  is,  perhaps,  thid  most  yaluable  of  all  tHe  scientifiQ 
papers'  of  Dr.  faigenhous^  inserted  in'  th^  Phil.  Trahs.  It 
e^Kpliui!]is  the  phenomena  of  the  dectroph6nis  iti  a  very  cledi'  and 
satiifkctoiy  mKtm&r,  The  electrophorUs  is  a  very  ctkHous  and 
\aetiA  instrument,  inveiited  by  Voita.  It  consists  essentially  6f 
a  cake  of  resin  covered  with  a  plate  of  metal,  moveable  at  plea* 
sUt^  by  means  of  a  glass  htodle  attached  to  it.  When' the  cake  of 
reem  has  been  ch^^iged  with  electricity  by  means  of  a  Leyden 
jas",'  If  yotr  put  the  inetallic  plate  over  it,  and  whill^  in  that  ]6osi- 
tiofi  touch'  thi3  lipper  patt  of  the  plate  with  youi^  finger,  on  Uniiig; 
ujy  thlB^  j^ttte  by  means  of  its  ^la^l^  handle,  it  will  be  foimd 
f&Bd^d  with  the  opposite  Una  6f  electricity  of  thie  resinous' 
cake,'  atid  will  give  a  spiU!k!  to  atiy  eondu6tor  brought  into  its' 
nei^b5iiriit:k)d ;  and  this  experiment  may  be  repeated  at  plea- 
suife  fbi"'  months  together  without  any  renewal  of  the  charge  of 
the  resinous  plate. 


pritlei|)Ibs  are  the  following :  1.  Elgt 
trical'  bodies-'  dd  htiit  easily  receive  ah  electrical  charge ;  but 
yAi^'obcif  dhktg^,'they  cfre  liot  easily  depfived  of  the  electri- 
city tkui'  d0lttUltc6uttatiEld.     The  consequence  is ,  that  tVv€^  vkv 
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general  retain  it  for  a  long  time ;  except,  glass,  which  from  i1» 
property  of  attracting  moisture,  is  speedily  deprived  of  any 
charge  that  may  be  communicatefl  to  it.  Hence  the  plate  of 
resin  of  the  electrophorus^  when  once  excited,  retains  its  charge 
for  a  long  time,  and  does  not  Gommmiicate  any  of  it  to  the  taem 
plate,  though  laid  upon  it.  When  a.  conductor  is  brought  into 
the  vicinity  of  an  excited  electric,  the  side  of  it  next  the  electric 
acquires  the  opposite  kind  of  electricity  of  that  of  the  electric, 
and  the  furthest  off  side  becomes  in  the  same  state  as  the 
electnc.  Suppose  the  cake  of  resin  charged  positively,  the  side, 
of  the  metal  plate  next  the  resin  wiU  become  negative,  and  the 
opposite  side  positive ;  because  the  electricity  of  tne  resin  repels 
the  electricity  of  the  metal,  and  drives  it  to  the  side  furthest  from 
itself.  If  we  now  touch  the  side  of  the  metal  plate  furthest 
from  the  resin,  it  will  discharge  its  surplus  electncity  into  om* 
body.  When  the  plate  is  removed  from  the  resin,  £he  electrical 
fluid  will  spread  itself  equably  through  it ;  but  as  it  has  parted 
with  a  portion  of  its  electricity  to  oiu:  body,  it  must  contam  less 
than  its  usual  portion,  and  of  course  be  negative*  A  conductor 
brought  into  its  neighbourhood  will  of  consequence  transmit  a 
spark  to  it,  and  restore  the  usual  quantity  oi  electricity  to  the 
metaUic  plate.  This  experiment  may  be  repeated  at  pleasure, 
because  the  cake  of  resm  merely  alters  the  distribution  of  the 
electricity  of  the  plate.  Our  touching  the  plate  takes  away  or. 
comixumicates  a  quantity  of  electricity,  according  to  circum*- 
43tances.  Hence,  when  removed,^  it  is  constantly  excited,  and  in 
-   a  condition  to  give  out  or  receive  a  spark. 

Such  is  Dr.  Ingenhousz's  explanation  of  the  electrophoros. 
I  rather  think  that  the  first  of  the  principles  upon  which  tlii» 
explanation  is  founded  was  new  ^  at  least  I  am  not  aware  of  any 
person  who  advanced  it  explicitly  before  our  philosopher.  Bat 
the  second  principle  was  not  new,  having  been  advanced  by  JDr^ 
Franklin,  and  mathematically  explained  by  Mr.  Cavendish  and 
Epinus.  Dr.  Ingenhousz  does  not  seem  to  have  possessed 
mathematical  knowledge,  and,  therefore,  was  not  Ukely  to  hav^ 
perused  the  theory  of  electricity  as  given  by  Cavendish  in  bis 
celebrated  paper  on  that  subject,  or  by  Epinus  in  his  wellrknown 
work  y  but  it  is  not  at  all  likely  that  he  was  ignorant  of  the; 

frinciples  advanced  by  Dr.  Franklin^    Accordiujgly  Dr.  In^en*' 
ousz  does. not  claim  the  second  principle  as  a  discovery,  of  his 
own.    He  merely  makes  use  of.  it  to  show  that  the  phefiKmieiia 
of  the  electrophorus  were  not  inconsistent  with  the  Franklinian . 
theory,  but  really  followed  from  that  theory. 

5.  Account  of  a  new  Kind  of  Ij^mmabU  Air^  or  Gaa^  which 
can  he  made  in  a  Moment  without  Apparatus ^  and  is  as  Jit  for 
Explosion  as  other  IriAammahle  Gases  in  Use  for  that  Purpose ; 
with  a  new  Theory  oj  Gunpowder,  Phil.  Trans.  1779,  p.  376.— 
This  paper  merefy  makes  us  acquainted  with  the  fact  mat  ether 
explodes  when  the  vapour  of  it  is  mixed  with  cojumon  air,  or 
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oxygen  gas  ;  and  that  oidy  a  small  proportion  of  vapour  most  be 
«mpIoy^  for  the  purpose.  If  we  use  too  mach,  no  explosion 
takes  place  at  all.    lire  combustion  of  ether  has  been  mvesti- 

Lted  by  more  modem  chemists  with  considerable  precision. 

[r.  Cruikshanks  made  some  progress  in  the  investigation ;  Mr. 
Dalton  wentfturther ;  and  M.  Theodore  de  Saussure  has  obtained 
results  which  approach  to  accuracy ;  so  that  but  Uttle  remains 
in  order  to  complete  this  important  subject.  Dr.  Ingenhousz 
must  be  admitted  to  have  begun  the  investigation,  though  he 
advanced  no  further  than  merely  the  discovery  of  the  detonating 
power  of  vapour  of  ether  when  mixed  with  oxygen  gas. 

But  this  paper  contains  some  historical  facts  which  I  consider 
as  rather  interesting.  They  seem  to  have  been  in  general  over- 
looked by  chemists.  The  person  who  discovered  tne  fact  that 
oxygen  and  hydrogen  gases  may  be  exploded  by  means  of  an 
electric  spark  was  Sir  WiUiam  Watson ;  undoubtedly,  one  of 
the  most  oistinguished  electricians  which  England  at  that  time, 
so  rich  la  first  rate  proficients  in  that  science,  possessed.  This 
discovery,  trifling  as  it  may  appear,  deserves  to  oe  remembered ; 
becanse  it  has  contributed  so  essentially  to  the  progress  of  an 
accurate  mode  of  examining  gaseous  bodies. 

The  first  persons  who  coflected  olefiant  gas  were  Messrs. 
Mae^  and  Cuthbertson.  This  they  did  at  least  as  early  as  1777, 
hv  heaticg  a  mixture  of  equal  quantities  of  sulphuric  acid  and 
xucoho}.  JWr.  iEneae  ascertained  the  specific  gravity  of  this  gas, 
its  dombustifoihty,  and  the  colour  of  the  flame.  It  was  known^ 
therefore,  though  it  had  not  been  very  accurately  examined 
before  the  experiments  of  the  Dutch  chemists  in  1794. 

Dr.  Ingenhousz  was  of  opinion  that  when  gunpowder  was 
heated,  me  nitric  acid  of  the  saltpetre  gave  out  oxyeen  gas, 
while  the  charcoal  gave  out  inflammable  gas,  and  that  the 
e^losion  was  owing  to  the  instantaneous  combustion  of  .this 
mixture.  It' would  be  needless  to  make,  any  observations  on 
this  Jtheory,  as  it  is  now  known  to  be  inaccurate  in  every 
particular.    : 

6.  On  same  new  Methods  of  suspending  Magnetic  Needles, 
Phil.  Trans.  1779,  p.  637. — Dr.  Ingenhousz  balanced  the  needles 
60  that  they  were  under  the  surfece  of  water,  and  conceived 
that  by  this  method  he  succeeded  in  obviating  most  of  the.  irre- 
gularities in  the  motions  of  needles.  It  is  obvious  that  such  a 
method' is  quite  inapplicable  to  the  use  of  the  needle  on  ship- 
board, which  is  the  great  purpose  for  which  it  is  applied.  Nol* 
is  it  at  all  hkely  that  plunging  a  needle  under  water  would  make 
it  answer  better  for  philosophical  purposes. 

7.  Improvements  tn  Electricity.  Phil.  Trans.  1779,  p.  659. — 
This  pttper  was'  the  subject  of  the  Bakeriaa  lecture  for  1779.  It 
consists  in  a  historical  detail  of  the  progress  which  the  plate 
glass  electrical  machines  had  made.  Dr.  Ingenhousz  informs 
us  that  he  had  suggested  this  kind  of  machine  abovit  15  ;^^^x% 
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before.  He  relates  the  vcirious  improvements  made  in  these 
machines  in  France  and  Italy^  and  particulariy  hy  Mr.  Cuth- 
bertson  at  Amsterdam,  who  brought  that  kind  of  machine  to 
perfection,  and  still  continues  to  make  them  in  Poland-street, 
London. 

8.  On  the  Degree  of  Salubrity  of  Common  Air  at  Sea,  torn- 
pared  with  that  of  the  Sea  Shore,  and  that  of  Places  far  removed 
from  the  Sea,    Phil.  Trans.  1780,  p.  364.— He  tried  air  by 

Fontana's  method  at  the  mouth  of  the  Thames,  and  afterwards 
at  Qstend,  and  in  various  parts  of  the  Netherlands,  France,  and 
Germany.    He^  concluded  from  his  observation,  that  the  air  is 

Surer  at  sea  than  over  land,  and  purer  on  the  sea  shore  than  at  a 
istance  from  the  ocean.  But  these  inferences  were  madefirom 
too  Umited  a  number  of  experiments.  Indeed  only  one,  or  at 
most  two  experiments  were  'made  at  sea.  It  is  now  perfectly 
established  that  there  is  no  difference  whatever  between  air  at 
aea  and  air  at  land.  The  supposed  differences  originated  entiiely 
from  inaccuracies  in  the  mode  of  making  the  experiments,  and 
disappeared  as  soon  as  chemists  fell  upon  accurate  methodi  of 
analyzing  common  air. 

9.  Experiments  upon  Vegetables,  discovering  their  great  Power 
^purifying  the  Common  Air  in  the  Sunshine,  and  of  injurinsit 
tn  the  Wiade  and  at  Night.  To  which  is  joined  a  new  Mefhoaof 
examining  the  accurate  Degree  of  Salulirity  of  the  Atmosphere. 
London,  1779. — This  is  an  octavo  volume  of  302  pages,  whichDr. 
Ingenhousz  published  in  1779,  just  before  setting  out  fortiie 
continent.  He  gives  an  account  in  it  of  a  set  of  expenments 
which  had  occupied  him  incessantly  for  about  three  mo^ths 
during  the  preceding  summer.  Only  two  points  are  estaUished 
in  this  book.  1.  That  the  leaves  of  plants  give  out  oxygen  gas 
when  exposed  to  the  sim  under  pump  water.  2 .  That  the  propoi- 
tion  of  oxygen  in  the  air  immediately  in  contact  with  putate  is 
diminished  during  the  nieht.  But  whether  this  is  owing  to  the 
Sjibsorption  of  oxygen,  the  emission  of  carbonic  acid,  or  the 
conversion  of  the  oxygen  into  carbonic  acid,  is  not  ascertained. 
Dr.  Ingenhousz,  attne  time  he  made  his  experiments^  had  no 
accurate  ideas  respecting  the  composition  of  air,  nor  respecting 
the  action  of  nitrous  gas  on  air.  He  was  not  aware  of  the 
different  nature  of  hydrogen  and  carburetted  hydrogeagas^  and 
perpetually  confounds  them  together.  M.  Theodore  de  Sans* 
Bure-s  experiments  on  this  subject  are  much  more  precise; 
though  even  he  has  not  thrown  so  much  Ught  upon  it  as  i^  to  be 
wished.  Dr.  Ingenhousz  in  this  case,  as  in  his  expk)sions.  ^th 
conmion  air  and  ether,  had  the  merit  of  commencing,  the  mves- 
tigatidn;  but  his  progress  in  it  was  very  small. 

-  The  "method  of  determining  the  goodness  of  air,  descnifediB 
this  book  of  Dr.  Ingenhousz,  is  merely  the  Abbe  Foutaaa's,  a 
little  abridged,  ana  tiirows  no  additional  light  upon  the  consti- 
tution of  air. 
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10.  Somefurtkir  Comideratiom  on  the  hjflimnce  of  the  Vege^ 
table  Kingdom  ofi  the^  Animal  Creation^  rhil.  Tranft.  1782^  p. 
426. — Our  author's  opinion  that  vegetables  emit  oxygen  gas 
when  growing  in  the  sun,  and  that  the  injury  done  to  the  air  by 
the  breathing  of  animals  and  by  combustion  is  iu  this  way 
repaired,  having  been  called  in  question  by  some  persons,  and 
it  having  been  alleged  that  it  was  altogether  refuted  in  Du 
Priestley's  fifth  volume  of  experiments  on  air,  Dr.  Ingenhousz 
made  a  pubUc  exhibition  of  the  most  decisive  of  his  former 
experiments  to  a  number  of  his  scientific  friends.  He  boiled 
pump  water  for  two  hours  to  deprive  it  of  its  air.  It  was  then 
put  into  glass  vessels  placed  inverted  over  mercury,  to  shut  out 
the  communication  with  the  atmosphere.  Sooie  conferva  rivui- 
laris  was  put  into  two  of  these  glasses,  some  pieces  of  cloth 
into  other^wo,  and  nothing  in  other  two.  The  nrst  two  glasses 
began  in  three  days  to  yield  oxygen  gas,  which  on  examination 
proved  very  pure,  and  the  conferva,  gjive  out  altogether  about 
eight  times  its  bulk  of  this  ^as.  In  10  days,  it  ceased  to  vege- 
tate, and  began  to  decay.  The  cloth  gave  out  no  air  whatever; 
neither  was  any  air  collected  in  the  jars  into  which  nothing  had 
been  put  even  at  the  end  of  some  months.  A  glass  containing 
punm  water  unboiled  began  to  yield  air  much  sooner,  and  it 
yielded  a  greater  quantity ;  but  it  was  not  so  pure. 

11.  Nouvelles  Experiences  et  Observations  sur  divers  Objets  de 
Physique,  A  Paris,  1785. — ^This  is  chiefly  a  French  translation 
ti  the  papers  of  Dr.  Ingenhousz,  already  printed  in  the  Phil. 
Traofi.  He  was  induced,  he  tells  us  in  the  preface,  to  translate 
them  himself,  because  all  the  translations  which  he  had  seen 
contained  mistakes  which  materially  altered  his  meaning.  In 
his  own  translation,  he  was  enabled  to  rectify  these  mistakes  ; 
and  he  hkewise  added  some  additional  illustrations,  which  he 
thought  likely  still  further  to  elucidate  the  subject.  It  will  only 
be  necessary,  therefore,  to  notice  the  papers  which  made  their 
first  appearance  in  this  octavo  volume  of  498  pa^es. 

.  The  first  paper  is  an  outline  of  the  Frankhnian  theory  of 
electricity ;  very  short ;  but  clear  and  precise ;  and  exhibited 
without  any  mathematical  phraseology.  In  this  respect,  he 
followed  the  example  of  Dr.  Franklin  himself. 

The  second  paper  is  a  theory  of  the  electrophorus,  more 
detailed  than  the  paper  on  the  same  subject  in  the  Transactions, 
but  quite  the  same  in  point  of  theory. 

The  third  paper  is  of  some  length,  and  consists  of  a  set 
of  observations  on  a  question  at  that  time  agitated  with  ^reat 
keenness  in  England ;  whether  thunder  rods  ought  to  terminate 
in  points,  or  round  knobs.  The  question  had  originated  in  the 
gunpowder  magazine  at  Purfleet  having  been  struck  with 
lightning.  A  committee  of  the  Roysd  Society  had  been 
appointed  to  investigate  the  subject.  From  the  report  of  this 
«ommittee^  Mr.  Wilson  dissentedf.    He  affirmed  that  the  esLtx^- 
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mity  of  thimd^  rods  should  be  blunt.  He  exhibited. a  set  of 
experiments  in  support  of  hia^  ommon  in  the  Pantheon,  «b  iwhioh 
Us  present  Majesty  attended.  The  King  adopted  the  opiniim.of 
Mr.  Wilson^  and  altered  in  confonnify  with  it  the 'thunder  rods 
attached  to  St.  James's  Palace.  But  Mr.  Wilson  made  no  other 
convert:  the  dispute  continued  for  a  considerable  time;  but 
seems  to  haye  terminated  in  favour  of  pointed  thunder  rods.- 
Dr.  Ingenhousz  in  this  paper  gives  his  reasons  for  considering 
pointed  rods  as  the  most  proper  in  conformity  with  the  ori^nal 
proposal  of  Dr.  Franklin ;'  and  his  reasons  appear  perfectly 
satisfactory.  It  seems  unnecessary  to  state  them  here,  as  i 
am  not  aware  that  any  person  at  present  supports  the  doctrine 
of  Mr.  Wilson. 

The  fourth  paper  is  a  description  of  an  electrical  machine 
used  by  our  author  for  various  purposes.  It  consisted  of  a  piece 
of  strong  silk  suspended  against  the  wall  of  a  room,  to  which 
was  attached  a  ruober  of  hare  skin,  or  cat  skin.  He  used  it  for 
charging  small  Leyden  jars  of  a  peculiar  construction,  which  he 
describes.  - 

In  the  fifth  paper  he  describes  a  small  pocket  electrical' 
machine,  intended  for  producing  a  spariL  sufficient  for  firing  an 
inflammable  air  pistol.  ». 

In  the  sixth,  ne  ^ves  a  description  of  the  mode  of  binming 
camphor  and  j^osphorus  in  oxygen  gas,  and  describes  tiie  bril-i 
liancy  of  these  experiments  with  rapture.  ^  >  ' 

Inx  the  seventh,  we  have  a  contrivance  for  producing  a  vacuum 
by  the  property  which  charcoal  has  of  absorbing  air.  It  is  need- 
less to  observe  that  there  seems  httle  probability  of  any  such 
substitute  for  an  air  pump  being  of  much  utility.  ;  ' 

In  the  eighth  paper,  we  have  a  description  of  a  method  of 
lighting  a  candle  by  means  of  an  electrophorus  and  an  inflam- 
mable air  lamp.  The  invention  belongs  to  Stmsbiu^.  At 
present  we  are  m  possession  of  better  methods  of  accom^ishii^ 
this  object  than  those  described  in  this  paper. 

In  tne  ninth  paper,  he  describes  his  inflammable  air  pistol. 
This  contrivance  is  too  well  known  to  require  any  details  here.  • 

The  tenth  paper  is  a  description  of  the  mode  which  he  employs 
to  collect  carburetted  hydrogen  gas  from  the  bottom  of  stagnant 
water. 

The  eleventh  and  twelfth  papers  are  translations  from  the 
Transactions. 

The  thirteenth  paper  is  on  oxygen  gas.  He  procured  it  from 
saltpetre,  and  he  conceives  that  it  would  be  a  medicine  of  very 
great  efficacy  if  it  were  given  to  patients  ill  of  certain  diseases, 
to  be  respired  instead  of  common  air.  This  opinion  has  not 
been  verified  by  subsequent  trials. 

The  fourteenth  paper  is  on  the  salubrity  of  the  air  above  the 
sea  compared  with  the  air  at  dry  land.  It  is  a  translation  firom 
the  Transactions. 
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In  the  fifteenth  paper  he  gives  us  an  account  of  some  attempts 
make  artificial  magnets  after  the  m€uuier  of  Dr.  Gowan  Knight ; 
it  these  attempts  were  not  very  successfnl. 
In  the  sixteenth  paper,  he  gives  his  theory  of  gunpowder.  He 
:patiates  at  ereater  length ;  but  the  theory  is  precisely  the 
me  as  that  which  he  had  already  given  in  the  Transactions. 
The  seventeenth  paper  is  an  appUcation  of  the  same  theory  to 
Iminating  powder. 

The  eighteenth  paperis  one  of  the  most  valuable  in  this  volume. 
consists  in  a  set  of  experiments  made  to  determine  which  of 
e  seven  metals,  gold,  silver,  copper,  tin,  steel,  iron,  and  lead, 
nducted  heat  best.  The  mode  of  making  the  experiment  was 
>ntrived  by  Dr.  Franklin,  who  likewise  supplied  tlie  materials, 
ires  of  each  of  these  metals  of  the  same  length  and  thickness 
sre  coated  with  wax,  and  their  ends  dipped  into  boiling  wafer, 
le  wire  on  which  the  wax  was  melted  and  highest  up  was 
ckaned  the  best  conductor.  Silver  was  found  the  best  con* 
ictor,  and  lead  the  worst  in  all  the  experiments.  Copper  was 
6  next  best  conductor,  gold  the  next  oest,  tin,  steel,  and  iron^ 
txt  best. 

In  the  last  paper  contained  in  this  volume,  Dr.  Ingenhouss 
scribes  his  mode  of  burning  iron  wire  in  oxygen  gas,  and  his 
tempts  to  bum  the  other  metals  in  the  same  gas.  These  last 
;tentpts,  except  with  platinum  wire,  had  not  been  successful. 
These  are  the  only  writings  of  Dr.  Ingenhousz  which  1  have 
ad  the  opportunity  of  perusing.  They  contain,  I  bdieve,  all 
lie  additions  of  any  importance  which  he  made  to  chemistry 
>r  electricity.  His  turn  of  mind  did  not  lead  him  so  much  to 
lie  investigation  of  the  properties  of  bodies  as  to  the  discovery 
)f  what  he  considered  to  be  striking  or  biilliant ;  ^md  having 
got  sometlung  of  this  kind,  he  seems  often  to  have  remained 
satisfied  without  any  attempt  to  investigate  what  actually  hap- 
pened during  the  experiment.  Thus  the  analysis  of  the  combus- 
tion of  iron  wire  in  oxygen,  and  of  the  vapour  of  ether  in 
oxygen,  he  left  to  Lavoisier  and  Cruikshanks,  who,  by  investi- 
gating .them  with  care,  eatabUshed  important  theoretical  points 
in  the  science  of  chemistry,  and  thus  contributed  materially  to 
improve  it. 


Article  II. 

Contributions  towards  the  History  of  Anthrazothiomc  Acid,  disco* 
vered  bif  Porrettj  and  called  By  Mm  Siilphuretted  Chyazie 
Acid.    By  Theodor  von  Grotthuss. 

{ConclutUd  from  p.  50.) 

Sect.  17. — ^By  this  stochiometrical  analysis,  we  find  the  pro- 
portion of  water  in  the  copper  anthrazothionhydrate  detenmned 
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in  sect.  14  by  an  empirical  way  very  completely  confirmed ;  fcr 
the  eighth  part  of  a  hundred  is  12*5 ;  and  our  number  cx>me8  out 
12'63y  which  is  so  near  a  coincidence  that  we  may  consider  the 
experimental  and  the  calculated  numbers  to  coincide.  It  appears 
also,  that  the  view  of  the  subject  stated  in  a  former  section  as 

Erobable^  corresponds  correctly  with  matter  of  fiaict;  for  the 
ydrogen  of  the  acid  add^d  to  ^-ths  of  the  oxygen  of  the  oxide 
gives  a  quantity  of  welter  amounting  exactly  to  -J-th  of  the  whole 
weight  of  the  anthrazothionhydrate.  We  i»hall  see  likewise 
below  how  exactly  the  hydrogen  of  the  anthi^zothionic  acid, 
derived  from  the  same  view  (namely,  0*067  hydrogen  in  I'&IO 
acid),  corresponds  with  the  same  constituent  obtained  in  quite  ^ 
another  way.  Eveiy  hypothesis  ceases  to  be  a  mere  hypothesis 
when  the  phenomena  connected  with  it,  being  subjected  to 
mathematical  calculation,  correspond  exactly,  not  only  with  each 
other,  but  with  the  hypothesis  itself.  It  may  then  be  conaidered 
as  nothing  else  but  a  bare  statement  of  a  set  of  facts,  and  is 
reised  to  the  rank  of  that  highly  scientific  term — a  theory. 

Sect.  18.  Experiments  to  determine  the  Constituents  ofAmthra- 
zothionic  Acid. — I  got  blown  in  a  glass-house  a  number  of  snudl 
retorts,  of  the  shape  d,  terminated  by  a  long  bent  tube,  and 
having  a  mouth,  a.  These  retorts  I  find  very  convenient  f(xr 
small  chemical  experiments.  Through  the  mouth,  /z,  of  omei  of 
these  retorts,  I  mtroduced  a  portion  of  anthrazothionate  of 
potash  in  a  crystallized  state,  and  poured  over  it  a  concentrated 
solution  of  chlorine.  Immediately  the  mouth,  a,  wa^  shut,  and 
the  extremity  of  the  bent  tube 
introduced  into  the  vessel,  6,  con- 
taining lime  water.  Chemical 
action  immediately  began,  and  it 
was  accelerated  by  applying  heat 
below  the  retort,  o.  The  pheno- 
mena which  took  place  were  effervescence,  a  considerable 
£recipitation  of  sulphur  in  the  retort,  d,  and  the  evolution  of 
ubbles  of  gas  which  rendered  the  lime  water  in  the  vBssel  b 
milky .''^  After  the  solution  had  been  made  boiling  hot,  and  the 
.chemical  action  appeared  over,  I  collected  the  whole  of  the 
precipitated  sulphur  upon  a  filter,  the  weight  of  which  had 
been  previously  determined.  It  was  washed  carefully  clean 
by  repeated  afrasions  of  water,  exposed  for  some  days  to  the 
summer  temperature  of  the  air,  and  finally  dried  upon  a  warm 
plate.  In  this  state  I  found  that  the  filter  had  mcreased  in 
weight  2  gr.  This  increase  was  wholly  owing  to  the  presence 
of  pure  sulphur,  easily  recognisable  by  its  properties.  The 
filtered  Uquid  contained  a  portion  of  sulphuric  acid  formed  dur- 

•  The  vessel  b  must  be  rather  long,  and  it  must  be  filled  with  lime  water ;  and 
the  beqt  glass  tube  which  terminates  the  retort  oqght  to  terminate  in'a  very  narrow 
mouth,  that  the  lime  water  may  come  iu  contact  as  much  as  possible  with  eVerf 
part  of  the  evolved  gas. 
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ig  the  ehemical  process ;  for  muriate  of  barytes  threw  down  m 
irecipitate  m  it,  which,  when  ccdlected,  washed,  dried,  and  heated 
o  redness  in  a  watch-glass  upon  Guyton's  lamp  apparatus^ 
weighed  4*  1  gr.  To  this  must  be  added  ^th  gr .  of  the  precipitate 
V'hich  remained  behind  upon  the  filter ;  for  the  weight  of  the 
liter  was  increased  by  a  little  more  than  -^i^th  ^rain;  but  I 
patriot  it  to  that  quantity  on  account  of  the  moisture  whi«^ 
DOtdd  not  be  completely  dissipated  on  the  fiker.  Hence  we  may 
reckon  the  weight  of  the  sulphate  of  barytes  formed  4*2  er. 
which  is  equivafent  to  0-57  gr.  of  sulphur.  Of  consequence  ute 
quantity  of  sulphur  obtained  by  the  decomposition  of  the  anthra- 
tothionic  acid  amounted  to  2*57  ^. 

Sect.  19. — ^The  precipitate  which  was  formed  in  the  lime 
water  being  collected,  washed,  dried,  and  weighed,  was  found 
to  amotmt  to  2*85  gr.  Diluted  acetic  acid  dissolved  it  with 
fflfervescence,  carbonic  acid  gas  being  evolved;  -but  there 
lemained  behind  a  very  small  quantity  of  a  white  powder,  which 
after  being  washed  and  dried  could  not  be  weighed.  A  drop  of 
tttlphuric  acid  being  let  fall  upon  it,  the  odour  of  sulphurous  acid 
became  evident.  Hence  it  appears  that  a  Uttle  sulpmte  had  been 
fonned  tit  the  same  time  with  the  carbonate ;  so  tnat  sulphurous 
ftcid  had  been  given  out  as  well  as  carbonic  acid.  As  the  acetic 
tcid  and  the  edulcorating  water  must  have  dissolved  a  portion  of 
this  s^dphite,  we  cannot  err  very  much  if  we  consider  it  as  equal 
terOll  gr.  This  being  subtracted  from  the*  weight  of  the  car- 
Venate,  leaves  2*74  gr. ;  but  0*  11  gr.  of  sulphite  oi  lime  are  nearly 
equivalent  to  0*03  sulphur.  Hence  the  sulphur  in  the  portion  of 
add  subjected  to  experiment  was  2*57  +  0*03  s=  2*6  gr.  ;  and 
2*74  gr.  of  carbonate  of  lime  are  an  equivalent  for  0*328  gr.  of 
eaibon.  It  follows  from  this,  that  in  anthrazothionio  acid  the 
tolpkur  bears  to  the  carbon  the  proportion  of  2*6  :  0*328.  It 
was  the  object  of  the  preceding  experiment  to  find  this  ratio. 
<  iSect.20.-— Into  a  glass  tube  hermetically  sealed  at  the  under 
end,  I  put  a  small  portion  of  dry  crystallized  anthrazothioniate  of 
potesb,  and  filled  up  the  rest  of  the  tube,  except  a  veiy  small 
ffocey  with  mercury.  The  friction  against  the  sides  of  the  tube 
srevented  the  salt  from  leaving  the  bottom  and  being  buoyed  up 
iia  the  top  of  the  tube.  By  agitation  and  by  the  proper  apphca- 
fion  of  heat,  I  at  last  drove  every  trace  of  atmosphencal  air  out 
of  the  tube.  I  now  filled  the  residual  portion  of  the  tube  with 
sulphuric  acid,  shut  its  mouth  with  the  finger,  and,  turning  it 
upside  down,  introduced  it  into  a  vessel  filled  with  mercury,  and 
tMS  removed  the  finder.  The  sulphuric  acid,  firom  its  liquidity, 
and  the  greater  specific  gravity  of  the  mercury,  must  of  course 
make  its  way  to  the  upper  part  of  tlie  tube,  and  come  in  contact 
with  the  salt.  Heat  b^ng  applied  to  the  outside  of  the  tube,  it 
was  at  last  almost  completely  filled  with,  gas  extricated  firom  the 
decomposed  anthrazothionio  acid,  so  that  only  a  few  drops  of 
mercury  remained  in  it,  over  which  floated  the  magma  com^o^ad 

4^ 
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of  the  acid  and  the  salt.    Hiei  tube  was  now  thut^  removed  from 
the  meTcury,  washed  on  the  outside  with  wftter,  and  plun^d 
into  a  glass  vessel  fiUed  with  distilled  water.  A,  in  order  to  nee 
it  from  the  smdl  qtiantity'oP  mercmy  which  it  contained,  and 
from  the  acid  magtna  which  floated  over  the  mercurf .    These 
being  removed,  ^e  mouth  of  the  tube  was  i^ain  shut,  and  it 
was  introduced  into  Ume  water,  and  left  in  it.    The  lime  water 
made  its  way  visibly  into  the  tube,  and  became  quite  milky,  and 
the  tube,  being  agitated,  was  in  about  15  minutes  completely 
filled,  so  that  not  even  a  trace  of  gas  remained  unabsorbed  (for  a 
residue  of  azote  might  have  been  expected).    The  precipitate 
which  fell  in  the  lime  water  consisted  of  carbonate  and  sulphite 
-of  lime.    Tte  Ume  water  had  Ukewise  absorbed  undecomjKMied 
anthrazothionic  acid,  and  struck  a  yellowish  red  colour  with  a 
solution  of  iron.    The  ^distilled  water  A  contained  not  only  sul- 
phuric acid  and  a  portion  of  precipitated  sulphur,  but  likewise 
sulphate  of  ammonia :  for  being  heated  and  nuxed  with  an  excess 
of  potash  ley,   it  emitted  a  strong  smell  of  ammonia.     This 
experiment  was  several  times  repeated,  and  always  gave  the 
same  result.     It  follows  from  it  obviously  that  anthrazothionic 
acid  either  contains  ammonia  as  a  constituent,  or  at  least  hydrogtu 
and  azote  in  the  exact  proportion  requisite  for  forming  ammonia, 

Scc^21.— -I  have  m  vain  attempted  by  a  similar  mod^- of 
decomposition  to  separate  the  azote  in  a  gaseous  form'  from 
anthrazothionic  aciti.  When  I  put  anthrazothionhydrdltcf-'^ 
copper  mixed  with  chlorate  of  potash  into  the  tube,  and' added' 
muriatic  acid  to  the  mixture,  I  obtained,  it  is  true,  from' 4-  gr* 
of  the  hydrate,  after  the  other  gases  had  been  absorbed,  a  cf^^ 
tity  of  azotic  gas,  which,  at  the  common  temperature  of  the 
atmosphere,  and  when  the  barometer  stood  at  30  inches, '^iwis 
equivalent  to  18-5  gr.  of  water;  but  muriate  ti  amnKHnivwas 
found  in  the  residual  sour  liquid,  and  by  calculation,  founded  ^dn 
the  subsequent  stochiometrical  construction,  I  found  that  only 
^d  of  the  azote  in  the  acid  had  been  evolved  in  the  ^eous 
state.  The  constituents  of  this  acid  might  be  most  eas3y  and 
accurately  ascertained  by  means  of  Volta's  eudiometer,  ^tfor 
this  purpose  not  merely  a  convenient  mercurial  apparatus-  is 
requisite,  but  likewise  an  eudiometer  attached  to  the  mercurial 
trough.  Now  as  I  happen  not  to  possess  any  such,  I  am  under 
the  necessity  of  employing  a  more  tedious,  but  not  less  accurate 
method  of  determimng  these  constituents. 

Sect,  22. — We  have  now  found  two  facts  which  are  of  import- 
ance towards  the  determination  of  the  constitution  of  anthrazo- 
thionic acid ;  namely,  the  ratio  of  the  sulphur  to  the  carbon, 
and  that  of  llie  azote  to  the  hydrogen.  Now  to  find  the  ratio  of 
one  of  the  former  of  these  bodies  to  one  of  the  latter,  by  which 
the  ratio  of  all  the  four  constituents  to  each  other  is  ascertained, 
and  consequently  the  analysis  of  the  acid  completed,  nothing 
more  is  requisite  than  to  determine  the  absolute  weight  of  ona 
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of  the  four  xonstituenta  in  a  given  ^aantity:  of  aii;du'OZOthiomc 
acid. .  ^For  this  purpose,  I  'ma&  choice  of  ^le  sulphur^  because 
its  weighty  when  it  is  oonvertedii^  aidphurio  acid,  may  be  deter^ 
mined  widi  yery  great  precision*  Porrett  has  akeady,  it  is  true, 
determined  the  proportion  of  sulphur  in  anthrazothionic  acid ; 
^  but  as  my  analysis  of  anthrazothionhydrate  of  copper,  derived 
from  Porrett's  experiments  and  my  own  observations,  does  not 
agree  withr  that  of  Porrett,  I  consider  it  as  necessary  to  repeat 
Porrett's  experiments  in  a  different  way. 

Sect.  23«— Five  grains  of  white  anthrazothionhydrate  of  copper 

prepared  from  acetate  of  copper  and  an  alcoholic  solution  of 

antxuraz^thionate  of  potash,  aiier  bein^  well  dried  for  some  days 

in  a  heat  not  sufficient  to  alter  its  colour,  was  well  mixed  with 

26  gr.  of  chlorate  of  potash,  and  then  covered  with  concentrated 

muriatic  acid  containing    a  saturated  solution   of  muriate   of 

barytes.    The  glass  cup  in  which  this  mixture  .was  put  was 

covered  with  a  glass  plate,  in  order  to  prevent  any  of  the  liquid 

from  being  driven  out  of  the  glass  by  the  effervescence,  and  the 

cover  was  kept  applied  till  all  chemical  action  was  at  an  end, 

even  when  it  was  assisted  by  a  strong  heat.     I  now  added  an 

additional  portion  of  muriate  of  barytes  and  some  chlorate  of 

potash,  and  allowed  the  li(]uid  to  digest  till  the  portion  of  sulphur 

which  had  escaped  oxidation  was  converted  into  sulphuric  acid 

and  united  with  barytes.    During  the  whole  process  I  could 

perceive  no.  smell  of  sulphurous  acid,  but  a  strong  one  of  chlo* 

rioe»  <.  pf  which   a  great  superabundance  was  present.     The 

sulphate*  of  barytes  being  collected  and  dried  weighed  8*1  gr. 

which  approaches  very  nearly  to  the  quantity  obtained    oy 

Porrett. 

But  we  have  ahready  (sect.  16)  ascertained  that  4*58  gr»  of 
anthrazothionhydrate  of  copper  contain  1*510  gr.  of  anthrazo- 
thionic acid.  Of  course,  hve  gr.  of  the  hydrate  must  contain 
1*65  gr.  of  the  acid.  Now  8*1  gr.  of  sulphate  of  barytes  are 
equivalent  to  1*  1 1  gr.  of  sulphur.  From  this  it  follows  that  100 
gr.  of  the  acid  contain  67*3  parts  of  sulphur.  This  comes  very 
near  the  estimate  of  Porrett,  according  to  whom  the  acid  con*^ 
tains  -jds  of  its  weight  of  sulphur. 

Sect.  24.  Stochiometrical  jUstimate. — Thus  we  have  found  the 
third  requisite  for  constructing  a  stochiometrical  synthesis  of 
the  acid.  From  these  three  data ;  namely,  1.  That  in  the  acid 
the  sulphur  is  to  the  carbon  as  2*6  to  0*328  ;  2.  That  tiie  azote 
and  hvdrogen  exist  in  it  in  the  same  proportions  as  in  ammonia; 
and,  o.  That  the  acid  contains  67*3  per  cent,  of  sulphur :  it  is 
easy,  to  give  a  stochiometrical  statement  of  the  synthesis  and 
ansuysis  of  this  acid.  In  100  parts  of  anthrazothionic  acid  there 
are  67*3  of  sulphur :  the  remaining  32*7  consist  of  the  other 
three  constituents  of  the  acid  ;  and  the  proportion  of  carbon  to 
that  of.sulphur  is  as  0*328  to  2*6.  Now  2*6  :  0*328  ::  67*3  :  8*49, 
which,  for  the  sake  of  shortness,  I  shall  make  8*5.    Thua  th^ 
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quantity  of  carbou  iii  100  acid  is  8*5.  Finally,  the  remainder 
=5  32*7  —  8*6  s  24*2  consist  of  azote  and  hydrogen  in  the  same 
poportion  as  they  exist  in  ammonia.  Now,  according  to  Wol- 
laston's  8cale  of  equivalents,  21*52  anmionia  contain  17*54  of 
azote.  Of  consequence,  the  24*2  parts  must  consist  of  19*7 
azote  and  4*5  hydrogen. 

Of  course  the  constituents  of  100  parts  of  anthrazothionic  acid 
are  composed  of 

Sulphur 67-3 

Carbon 8*5 

Azote 19*7 

Hydrogen 4*5 

100*0 
Or,  according  to  the  atomic  theory, 

S  atoms  sulphur =  60*00 

1  atom  carbou =    7*54 

1  atom  azote • =  17*54 

3  atoms  hydrogen s=    3*98 

89*06 

SecL  25. — We  may  consider  this  acid  either  as  a  componfit^df 
sulphuretted  carbmi  (=s  3  atoms  sulphur  +  1  atotti  carbcni)>iM 
ammonia  (?3  3  atoms  hydrogen  4-  i  atom  azote) ;  or  of  ip^ito 
retted  hydrogen  (ss  3  atoms  sulphur  +  3  atoms  hydrogea)  abd 
carburetted  axote  (s=  1  atom  carbon  +  1  atom  azote):  Botnlv 
must  not  confound  cyanogen  under  this  carburetted  azote> ;  fcr  it 
eontains  twice  as  much  carbon  as  our  compound  ;  and  OH'^lliltt 
account  it  might,  by  way  of  custinction,  be  called  carboidud 
carburetted  azote.  The  carburetted  azote  observed  by  Fourofoy 
(Ann.  de  Chim.  xi.  45)  may,  perhaps,,  be  a  compound  of  one 
atom  of  carbon  with  one  atom  or  two  atoms  of  azote.  FrcMu  this 
statement  of  the  constituents  of  anthrazothionic  acid,  it  fbllcvm 
thai  in  all  the  experiments  of  Porrett  in  which  he  made  cyatiOgea 
or  pnissic  acid  to  act  upon  sulphuretted  hydrogen  and  p0tdih, 
the  half  of  the  carbon  contained  in  Ae  cyanogen,  while'iie  wM 
converting  it  into  anthrazothionic  acid  by  means  of  sulpfaurotifed 
hydrogen,  must  have  made  its  escape  either  as^  carbonic  sicid 
gBB,  or  carburetted  hydrogen  gas,  or  in  some'otber  way.  lUs' 
would  deserve  to  be  investigated  hereafter  with  the  reqiMite 
precision.  Meanwhile,  it-  is  easy  to  see  that  when^  antailaio-' 
thionie  aoid  is  decomposed  by  means  of  an  oxidieing>  mediuBi^ 
neither  cyanogen  nor  hydrocyanic  acid  can  be  formed ;  bei^tttM 
the  oxidation  witt  first- act  upon  the  carbon,  on- account?  of  iti'^ 
being  more  oxidizable  than  the  azote;  and,  of  course,  the  rlltity<' 
of  the  former  to  the  latter  will  always  be  diminishing.  ; 

.    Sect.  26.— We  have  itnow'in  ottr power  to  prove  the? ttath^crf 
the:  aflsmniption' made  in  seet.  16'with  great  probability  indMidy 
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Dut  stHl  in  an  arbitrary  manner ;  namely,  that  the  hydrogen  of 
the  anthrazothionic  acid,  when  it  forms  an  anthrazothionhydrate 
of  copper  with  the  oxide  of  that  metal  in  solution,  deprives  the 
oxide  of  only  f  ths  of  its  oxygen,  while  the  remaining  -^th  unites 
with  the  disoxygenizing  medium,  the  presence  of  which  is  neces- 
sary. This  we  can  do  by  making  a  stochiometrical  calculation 
of  the  constituents  of  anthrazothionic  acid  founded  on  that 
assumption,  and  comparing  it  with  the  result  which  we  obtained 
in  sect.  24.  When  we  calculated  the  constituents  of  anthrazo- 
thionhydrate of  copper  (sect.  16  and  sect/ 17),  we  found  that 
I'ol  of  anthrazothionic  acid,  fo/lowhig  the  above-mentioned 
assumption^  must  contain  in  itself  0*067  of  hydrogen.  On  that 
occasion  I  omitted  the  figure  in  tlie  fourth  decimal  place  alto- 
gether ;  and  to  make  the  calculation  more  easy,  I  did  not 
oesitate  to  admit  an  error  of  one  or  two  unities  in  the  third 
decimal  place.  But  the  accurate  quantity  of  hydrogen  which 
1*51  of  the  acid  contains  is  0*0678 ;  for  10  oxygen  requiring 
1*325  hydrogen,  it  follows  that  0*512  oxygen  (namely  ^  of  0*64) 
must  reauire  0*0678  of  hydrogen ;  but  if  1*51  of  acid  contain 
0^0678  nydrogen,  100  of  acid  must  contain  4*49  of  the  same 
element.  Now  this  differs  only  by  one  unity  in  the  second 
decimal  place  from  the  number  found  in  sect.  24  by  a  very  differ- 
enftproeess.  This  exact  coincidence  leaves  no  doubt  about  the 
timth  of  our  assumption.  Were  we  to  complete  the  reckoning  by 
the  v^p^cation  of  the  data  obtained  in  sect.  24  for  the  other  coo- 
stituentSy  we  should  obtain  the  same,  or  very  nearly  the  same 
niunbe^.  Of  consequence  the  existence  ofafithraxothton^  at  least 
in  Cdbmlwiation  with  the  easily  reducible  metals  by  the  exact 
2igr^ment  of  the  two  modes  of'^calculation,  is  placed  beyond  aU 
doubt. 

Sect.  27.  Tke  Constituents  of  Anthrazothionic  Acid  determined 
st^chiametrtcally  according  to  the  Theory  of  Volumes. — In  order 
to  be  able  to  transfer  the  constitution  of  our  acid  to  the  theory 
of  volumes,  which  seems  best  adapted  to  exhibit  a  clear  view  of 
the  composition  of  bodies  as  free  as  possible  from  all  hypothetical 
aasiimpiions,  it  wiQ  not  be  improper  to  lay  the  following  observ*^ 
ations  before  the  reader,  in  the  first  place,  by  way  of  introduction* 
.  The  theory  of  volumes  is  founaed  on  the  assumption  that 
bodies  unite  with  each  other  in  the  state  of  gas,  and  m  definite 
proportions.  Suppose  then  that  the  weight  of  a  determinate 
voluaofi  of  atmospherical  air  at  the  temperature  of  32^  and  imd^ 
a  pressure  of  30  inches  of  mercury,  be  reckoned  =:  1*000,  and 
that  the  absolute  weights  of  all  other  bodies  in  the  state  of  gas^. 
and  under  the  same  circumstances,  be  ascertained.  These  abso- 
lute weights  exhibit  at  the  same  time  the  specific  gravity  of  each 
body,  referred  to  that  of  atmospherical  air  as  unity.  The  specific 
gravity  of  permanently  elastic  gases  can  be  determined  by  the 
weU4inown  method  of  weighing  a  determinate  volume  of  each  at 
a^  given  temperature,  and  under  a  given  barometrical  pressure^ 
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But  to  be  able  to  determine  the  specific  gravity  =±  ;r  of  a  tub- 
stance  supposed  in  the  gaseous  state,  which  is  not  capaible  of 
existing  alone  in  that  state,  we  must,  in  the  first  place,.  endeaTOur 
to  ascertain  the  specific  gravity  as  A  of  a  gaseous  combinatioii 
of  this  substance  with  another  gas,  of  which  last  the  spedfic 
gravity  3±  B  is  already  known.  Further,  we  must  know  the 
number  of  volumes  of  each  which  are  reauisite  to  form  one 
volume  of  the  compound  gas,  whose  specinc  gravity  is  =s  A, 
Let  a  be  the  number  of  volumes  of  the  body  whose  specific  gra- 
vity =  X  is  required,  and  let  h  be  the  number  of  volumes  ofthe 
gas  whose  specific  gravity  =  B  is  already  known  :  it  is  evident 

that  a  j:  =  A  —  6  B,  and,  of  course,  x  = . 

'  a 

Sect.  28. — An  example  or  two  will  be  sufficient  to  elucidate 
this  rule.  From  the  experiments  of  Davy  and  Gay-Lussac,  it  is 
known  that  hydrogen  and  oxygen  gases  do  not  alter  their  volume 
when  they  combine  with  sulphur,  and  are  converted  respectivdy 
into  sulphuretted  hydrogen  and  sulphurous  acid  gases.  Vfe 
may,  therefore,  assume  it  as  very  probable,  and  as  conformable 
to  the  law  of  gaseous  combinations,  that  one  volume  of  sulphur 
in  the  state  of  gas  unites  with  one  volume  of  hydrogen  or  oxygen 
gases ;  and  that  the  two  volumes  in  both  cases  are  condensed 
mto  one  volume.  Let  us  apply  our  formula  in  this  case  where 
a  ss  1^  and  6=1.    The  specific  gravity  of  a  volume  of  sulphur 

A  —  1  A 

in  the  «tate  of  gas  will  be  x  =  — j —  =  A  —  B.    According  to 

Thomson,  the  specific  gravity  A  of  sulphuretted  hydrogen  gas 
=  1*177,  and  the  specific  gravity  B  of  nydrogen  gas  =  0*073. 
Hence  A  -  B  =  M77  -  0-078  =  M04  =  specific  gravity 
of  gaseous  sulphur. 

Let  us  now  derive  the  specific  gravity  of  gaseous  sulphur  firom 
that  of  sulphurous  acid  gas.  The  specific  gravity  of  sulphurous 
acid  gas  is  according  to  rhomsoii  =  2*193,  and  that  of  oxygen 
gas  =  1*103.  Hence  gaseous  sulphur  =  2*193  —  V103'  = 
1*090,  a  number  which  difiers  from  the  former  by  only  ^-Jit'  ^* 
therefore,  assume  the  round  number  1*100  as  the  specific  graYitjf 
of  gaseous  sulphur. 

Sect.  29. — ^The  specific  gravity  of  carbonic  acid  is  =  1*619, 
If  fix)m  this  we  subtract  1*103  =  specific  ^vity  of  oxygen  ga3, 
Vfe  get  0*416  =  specific  gravity  of  carbon  in  the  state  of  gas.  I 
take  it  for  granted  that  it  is  known  that  when  oxygen  gas  is  con-  l| 
verted  into  carbonic  acid  gas  by  the  combustion  of  cnarcoal  ift 
it,  the  bulk  is  not  altered. 

We  obtain  almost  the  same  number  when  we  employ  the 
tpecific  gravity  and  the  constituents  of  olefiant  gas  for  the  data 
of  our  calculation.  This  gas  requires  for  complete  combustion 
three  times  its  volume  of  oxygen  gas,  and  forms  twice  its  volume 
of  carbonic  acid  gas.  Hence  it  follows  that  one  volume  of  olefiant 
gad  must  be  composed  of  two  volumes  of  gaseous  carboa  and 
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two  rohimes  of  hydrogen  ms  condensed  into  one  volume.  In 
thii  caae,  we  have  a  =  2,  6  s=  2.  Now  the  specific  gravity  of 
olefiant  gas^  according  to  Thomson,  is  0*974  =  A,  and  the  spe- 
cific gravity  of  hvdrogen  gas  O073  =  B.  Therefore  the  specific 
gravity  of  a  volmne  of  carbon  in  the  s'tfite   of  gas  =  x  =: 

""  * =s  -^  =  0*414 ;  a  nnmber  which  does  not  de- 
viate -T^th  part  fiom  that  found  before.  M.  de  Saussure  has 
more  lat^y  found  the  specific  gravity  of  olefiant  gas  somewhat 
h^vier  th$pi  the  number  ^ven  by  lliomson.  On  that  account 
I  retain  the  number  0*416Tor  a  volume  of  carbon  in  the  follow- 
ing stochiometrical  construction. 

Sect.  30. — Now  to  exhibit  our  analysis  according  to  the  theory 
of  volumes^  it  is  merely  necessary  that  the  number  of  volumes  of 
each  constituent  assumed  correspond  with  the  three  data  speci- 
fic in  nect.  22  and  sect.  23 ;  namely,  the  ratio  of  the  sulphur  to 
l3ie  carbon  =  2*6  :  0*328.  2.  The  proportion  of  azotic  gas  to  the 
hydrogen  gas  in  volume  =:  1  :  3.  3.  The  quantity  of  sulphur 
in  100  parts  of  anthrazothionic  acid  =  67-3.  Now  these  Qondi- 
tions  are  completely  fulfilled  when  we  state  the  elements  of  an- 
tHrazothionic  acid  in  the  following  way  in  volumes.  It  consists  of 

3  vohimes  hydrogen  =  ■\  ^  2  volumes  ammonia 

S  X  0-073    =  0-219  }     1  o  V  0^04  -  M88 

Ivolumeazote «=  0-969J      "^  ^  ^^^^ -  l  i»» 

M88 
1  volume  caAon    . .    =  0-416^  ^  1  ^^  2  volumes  sul- 
'  r'rxVl of .^^^^  phurettedcariK>n..=3216 

3-716t  4-904 

■  •  V^aqielio  fowkl  thai  Lampad tin's  tulphiiret  of  cArbon  ^«s  a  compound  of 
14«arboo  and  SBsalpfaar.  We  nay,  fhefcfore,  in  a  stochiometrical  point  of  view, 
cmMer  it  ai  a  compowid  of  oDOTQliiiBe  cwriiaD  and  tbm  Yolnmes  sulphur.  Tbii, 
when  cooverted  into  wekhts,  gives  us  11*9  carboa  and  88*8  sulphur,  numbers 
which  do  not  differ  very  far  from  Vanquelin's  results. 

f  We  nay  aqsume  that  one  volume  or  two  voluaies  of  sulphnret  of  carbon 
cooUae  chanicany  vJib  tmo  volumes  of  ammoaiaiand  fonaanthrozothionic  acid; 
hiit  tMfMCurate  nnmber  of  volumes  capnot  be  determined,  till  the  specific  gravity 
of  the  kaaflaary  sulphuretted  carbon  gas,  at  the  temperature  of  32^,  and  under  a 
prcMnra  of  SO  ioclies  of  mercury,  be  accurately  ascertained.  Gay-Lussac  has 
indeed  determined  the  sp.  gr.  of  sulphuretted  carbon  gas  by  experiments  at  the 
boUIng  water  temperature  to  be  2-670.  But  it  is  a  question  whether  this  determi- 
nation wUl  apply  to  that  of  the  imaginary  sulphuretted  carbon  gas  at  the  tempera- 
UVf  of  9iPi  Gay-Lusne  finds  the  specific  eravity  of  vapour  of  alcohol  ^  l'50Q, 
Bat  vhiqt  we  ripduce  the  ponstitueptsof  alcohol,  as  found  by  Saussure,  to  volumes, 
their  most  be  four  volumes  of  carbon  «  1-664,  one  volume  oxygen  =  1*103,  and 
pfai  volamei  hydrogen  »  0-438.  The  sum  of  the  weights  of  these  volumes  is 
"■  A'^PA.  Wc*  we  now  to  assnme  1  «500,  the  specific  gravity  of  vapour  of  alcohol 
fffoad  .^y.  t?fy-)['Ttraf,  a»  ^e  (roe  specific  gravity  of  the  imaginary  vapour  of 
alcojiol  at  the  freeziiig  temDcrature,  and  determine  from  that  the  change  of  yolume 
^  whidi  tbo  U  volnaaes  nadeigo,  it  is  obvious  that  we  could  not  obtalaa  w\M\ft 
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It  is  much  to  be  wished  that  those  chemists  who  are  so  fortu- 
nate as  to  have  good  apparatus  at  their  disposal  would  ascertain 
accurately  the  specific  gravity  of  gaseous  anthrazothiomc  acid 
freed  from  water.  This  would  en^le  us  to  determine  the  con- 
densation which  the  proximate  constituents  of  this  acid  (sulphuret 
of  carbon  and  ammonia)  undergo  when  they  unite.  If  one  volume 
of  sulphuret  of  carbon  and  two  volumes  of  ammonia  were  to  con- 
stitute three  volumes  of  anthrazothionic  acid  ;  that  is  to  say,  if 
the  proximate  constituents  of  the  acid  were  to  undergo  no  con- 
densation when  they  unite,  three  volumes  of  the  acid  would  weigh 
4*904 ;  and,  of  course,  the  weight  of  one  volume  would  be  1*6^. 

If  we  reckon  the  constituents  of  100  parts  of  the  acid  from  the 
weight  of  the  volumes  thus  found  to  constitute  anthrazothionic 
acid,  we  shall  obtain  the  very  same  results  (a  trifling  variation  in 
the  decimals  excepted)  as  those  already  obtained  in  sect.  24. 
But  these  last  estimates  I  consider  as  most  correct.  We 
may,  therefore,  reckon  100  parts  of  anthrazothionic  acid  to  be 
composed  of 

Sulphur 67-29  in  weight 

Carbon 8-48 

Azote 19-76 

Hydrogen 4-47 

100-00 

Sect.  31.— This,  as  far  as  is  known,  is  the  only  example  of  m 
acid  containing  an  alkali,  or,  at  least,  its  elements  in  the  requi- 
site proportions,  as  a  proximate  constituent. 

Future  experiments  are  requisite  to  inform  us  whether  some 
other  acids,  as  uric  acid,  sebacic  acid,  amniotic  acid,  &c.  when 
stochiometrically  analyzed,  will  not  oblige  inquiring  chemists  to 
draw  the  same  conclusion  with  respect  to  them.  IJric  acid,  at 
least,  when  treated  with  chlorine,  always  forms  muriate  of 
^ammonia.  Hence  it  is  not  improbable  that  in  this  acid  ammonia 
exists  converted  into  an  acid  in  the  same  way  by  m^ans  of 
t^arbon,  as  it  is  in  anthrazothionic  acid  by  means  of  sulphur. 

Berzehus  has  called  those  bodies  acids  which  are  attracted  to 
the  positive  pole,  and  those  alkalies  which  are  attracted  to  the 
negative  pole  of  the  galvanic  circle.  But  it  is  easy  to  see  that  no 
acid  can  be  given  which  will  not  be  electropositive  with  regard  to 

number.  We  mast  divide  the  1 1  not  by  d,  bat  by  5*  14,  which  would  give  us  8*136 
'volumes;  for  it  is  obvious  that  if  one  volume  weigh  1*500,  2*1S6  ▼oTuines  would 
weigh  3*205.  But  the  assumption  of  a  condensation  amounting  to  5*14  does  not 
'agree  with  the  observations  hitherto  made,  that  the  condensation  is  always  by 
whole  numbers  of  volumes.  Hence  it  follows  that  Gay-Lu8>ac'8  estimates  of  the 
sp.  gr.  of  alcohol  vapour,  sulphuret  of  carbon  vapour,  &c.  cannot  be  taken  as  the 
sp.  gr.  of  the  imaginary  vapours  at  the  freezing  point.  Perhaps  the  sp.  gr.  of  these 
last  might  be  obtained,  by  saturating  a  gas  of  known  sp.  gr.  with  the  yapoarsattbe 
freezing  point,  and  then  from  the  weight  of  the  mixture  subtracting  the  known 
weight  of  the  gas.—- (See  Hauy*s  Traite  dc  Physique,  i.  181.    Second  edition.) 


1819.]  History  of  Anthrazothionie  Add.  99 

a  stronger  acid ;  and  no  base  which  will  not  be  electronegative 
with  regard  to  a  more  powerfiil  base.    When,  therefore,  such 
con^unds  are  expoaed  to  the  action  of  galyanism,  the  weaker 
acid  of  a  double  acid  must  pass  to  the  ne^tive  pole,  and  the 
weaker  base  of  a  double  base  to  the  positive  pole ;  so  that  the 
weaker  acid  will  assume  the  character  of  a  base,  and  the  weaker 
base  of  an  acid.    Azote,  iodine,  and  sulphur,  sometimes  put  on 
the  character  of  acids,  sometimes  of  bases.     According  to  this 
view  of  the  subject,  there  can  be  no  fixed  acid  with  respect  to  all 
electronegative  bodies,  except  oxygen ;  and  no  fixed  base  with 
respect  to  all  electropositive  bodies,   except  hydrogen.    But 
oxygen  is  not  acid:  neither  has  hydrogen  the  properties  of  a 
base,  or  an  alkali ;  so  that  this  view  of  the  subject  obUges  us  to 
consider  a  substance  as  an  absolute  acid,  which  is  not  acid  at 
an,  and  another  ais  an  absolute  base,  or  an  absolute  alkali,  which 
is  not  alkaline  at  all.    On  the  other  side  it  obUges  us  to  reckon 
bodies  which  possess  the  distinguishing  characters  of  adds  and 
alkalies ;  namely,  an  acid  and  alkaline  taste,   the  property  of 
giving  a  red  or  a  green  colour  to  vegetable  blues,  8cc.  as  neither 
acids  nor  alkalies.    To  make,  the  terms  acid  and  electronegati've, 
alkali  and  electropositive,  synonymous,  is,  in  fact,  to  confound 
what  ought  to  be  separated.    These  anomalies,  I  conceive,  I 
have  cleared  up  in  my  observations  on  the  definitions  of  acid  Bnd 
alkali,  which  were  pubUshed  four  years  ago.— (Schweigger's 
Journal,  ix.  331.)    In  my  opinion  an  acid  is  a  body,  which,  when 
dissolved  in  water,  acts  upon  the  liquid  like  the  positive  pole  of  a 
battery;  while  an  alkali  is  a  body  which,  bdng  dissolved  in  water, 
acts  upon  it  like  the  negative  pole  of  a  battery.  According  to  this 
explanation,  we  are  not  obliged  to  consider  azote,  sulphur,  iodine, 
eitner  relatively  to  acids  or  alkaUes ;  for  they  may  in  certain 
compounds  enter  into  electrochemical  action,  sometimes  with 
the  positive,  and  sometimes  with  the  negative  pole  of  the  battery, 
just  as  these  poles  do  with  water ;  but  these  substances  enter 
mto  no  such  action  with  the  water,  but  seem  to  be  quite  indif- 
ferent  -miii  respect  to  it.    Water  at  the  positive  pole  shows,  as 
is  knovm,  all  the  properties  of  an  acid ;  it  reddens  vegetable 
blues,  oxidizes  metals,  prevents  (neutralizes)  the  action  of  alkar 
lies.     At  the  negative  pole,  on  the  other  hand^  it  shows  all  the 
properties  of  an  alkali ;  it  precipitates  the  ba^es  dissolved  in 
acios ;  gives  a  green  colour  to  vegetable  blues  ;  prevents  (neu* 
tralizes)  the  action  of  acids.     It  has  been  ascertained  besides, 
that  these  actions  can  continue  in  pure  water  only  as  long  as  the 
electrochemical  action  of  the  battery  continues.    From  this  we 
may  in  some  measure  comprehend  how  an  alkali  (ammonia),  or 
its  elements,  by  its  union  with  another  body  (sulphuret  of  carbon), 
may  alter  its  neutral,  electrochemical  point  so  far  as  to  assume 
all  the  properties  of  an  acid :  as  a  metal,  for  example,  mercury, 
is  capable,  by  uniting  witfi  even  a  very  small  Quantity  of  another 

G  2 
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metal,  of  altering  its  electrical  neutral  point  enormouafy^— (Bit- 
ter's System.)  * 

Sect.  32. — ^The  numb^  which  belongs  to  anthrazothiqDic  acid, 
in  Wollaston's  stochiometrical  scale,  will  be  obtained  by  detar- 
mining  the  quantity  of  acid,  which  contains  as  much  hydrogen 

*  I  nmit  notice,  by  the  bye,  that  leverml  electro-ebeBucal  ttAttnents  of  mat 
hove  been  adopted  by  celebrated  aieo,  and  even  employed  as  the  foundatioa  of 
whole  systeois,  without  mentionlag  me  as  the  original  broacher  of  tbeie  views. 
Thni,  for  example,  no  one  sorely  before  me  ascribed  the  light  which  is  evolved 
during  eombustion  to  the  union  of  the  positive  and  negative  electricity  of  the 
bodies  acting  upon  each  other.  This  I  did  in  lS07.-<8ee  Ann.  de  Chim.  Ixiii.  M.) 
I  pointed  out  in  the  same  paper,  p.  94,  why  the  electricity  set  free  by  chemical 
action  is  not  capable  of  acting  sensibly  on  the  electrometer.  The  galvanic  decom- 
position of  water,  a  desperate  problem,  which  Monge,  BertboUet,  Davy,  Berse- 
lins,  have  endeavoured  in  vain  to  explain  (See  HaQy's  Traits  de  Physique,  ii.  51  $ 
and  Essai  de  Stat.  Chim.  i.  S16),  I  completely  explained  towards  the  eod  of  1806, 
and  founded  on  it  a  theory,  which  is  so  much  supported  by  all  analogous  gal vanical 
phenomena,  that  since  that  time  it  has  been  almost  generally  adopted.  It  mnsi; 
therefore,  appear  surprising  to  me  that  Beridius,  when  in  his  excellent  book 
entitled  **  Elements  of  Chemistry,"  he  employs  my  theory  exactly  for  tbf 
explanation  of  the  galvanic  decomposition  of  water,  never  so  much  as  men- 
tions the  author  of  that  theory;  though  he  does  so  in  every  other  similar  east* 
Ih  my  first  essay,  I  have  assumed  that  water  is  a  compound  of  one  atom 
hydrogen  and  one  atom  oxygen,    and  given  the  following  figure   by  way  of 

illustration.  y.-g*^.*{v      j7J\ y  -|-  «• 

In  my  second  essay,  I  presumed  that  water  might  be  considered  likewise  as 
composed  of  two  atoms  oxygen  and  one  atom  hydrogen,  and  gave  the  follovriag 

Ov^   a...    o-....    o 

figure  in  elucidation  of  the  notion,     nh-     >h      ,yf^*      i>\.'P, 

The  figure  which  Berzelius  gives,  differs  but  little  from  both  these;  namely, 

#t^    _   ^  ^   ^  If*    But  it  is  easy  to  see  that  this  last  is  inaccurate  i  for  a|. 

the  direction  of  the  stream  is  from  n  to  p,  or  the  opposite  way,  and  as  water  con- 
sists of  only  two  atoms,  the  polarity  of  the  elements  of  the  water,  which  occasioai 
the  exchange,  cannot  be  placed  in  rows  perpendicular  to  each  other  as  thus, 
n  ±  ±  ±  ±  PI  but  as  in  my  first  figure,  p—  +  — +~+n.  In  other  respects, 
the  ftindaaiental  idea  is  the  same ;  namely,  the  simultaneous  exchange  of  the  ele- 
ments  of  the  water  with  the  decomposition.  Biot  in  his  Traits  de  Physique,  ii»  fi08^ 
while  accounting  for  the  galvanic  decomposition  of  water,  neither  mentions  me 
nor  any  one  else;  but  he  gives  exactly  my  theory,  and  says,  *'  II  nes'est  clev^  k  oet 
^pud  qa*nne  opinion,  qnl  ait  sontenu  les  regards  de  Texperience.*'  Favonnble 
as  this  statement  is  for  my  tlieory,  many  a  person,  not  much  conversant  with 
chefliUcal  literature,  may  be  induced  to  believe  from  it  tliat  the  opinion  (as  Biot 
terms  it)  has  sphing  up  at  once  in  the  mind  of  Biot,  and  all  other  chemists,"  and 
that  no  one  knows  who  first  advanced  it.  I  find  myself,  therefore,  under  the 
necessity  of  appealing  to  the  public  in  this  note.  There  is  surely  a  great  lack  of 
chemical  literature  when  a  person  expresses  himself  so  indefinitely  as  Biot  docs 
In  the  passage  quoted*.  (See  likewise  Thenard's  Traits  de  Chimie,  i.  104 ;  and  Klap- 
roth  and  Wolfk  Dictionary,  first  supplement,  p.  69S.) 

It  deserves  attentlout  that  I  was  very  near  Dalton*s  discovery,  respect iqg  the 
weight  of  atoms,  while  I  was  employed  about  the  galvanic  decomposition  of 
water.  The  37th  and  38th  figure  in  Dalton's  System,  vol.  ii.  plate  1 ,  are  quite  the 
ttuae  as  those  that  1  gave  long  before  in  the  Annales  de  Chimie  (toe«  cUaio),  But 
I  acknowledge  at  the  same  time  that  the  magnificent  and  bold  idea  of  detenainlM 
the  weights  of  the  atoms  from  the  relative  weights  of  the  constituents  of  bodies  did 
not  occur  to  me. 
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ifi  will  saturate  10  of  oxygen.  Now  10  oxygen  require  1*327  of 
bydrogen,  and  in  49*04  anthrazothionic  acid  there  are  2*19  of 
bydrogen.  Hence  1-327  hydrogen  must  be  contained  in  29*71 
of  acid*  The  number  29*71,  werefore,  is  the  equivalent  for 
anthrazothionic  acid ;  and  if  from  this  number  we  subtract  1*327, 
or  the  hydrogen,  the  remainder  28*39  will  be  the  equivalent  for 
anthra^othion.  Future  experiments  must  determine  whether 
anthrazothionic  acid  will  be  formed  when  Lampadius's  sulphuret 
of  carbon  and  ammoniacal  gas  are  made  to  pass  over  red  hot 
potash. 

AJ^dAWUhh  mil      I    'I     hiirii  iB 


Article  III. 

On  the  Sulphuretted  Chyazic  Acid  of  Porrett*    By  M.  Vogel. 

When  Mr.  Porrett,  an  English  chemist,  was  occupied  in  1808, 
with  examining  the  reciprocal  action  of  prussian  blue  and 
sulphuret  of  potash,  he  discovered  sulphiuretted  chyazic  acid 

The  only  set  of  experiments  which  has  since  appeared  on  this 
subject  is  contained  m  a  memoir  of  M.  Grotthuss  of  Courland.t 
This  chemist  made  a  great  number  of  experiments  on  this  acid 
and  its  salts,  from  wnich  he  has  drawn  as  a  conclusion  that 
Porrett's  acid  is  not  composed  of  sulphur  and  prussic  acid ;  but 
rather  of  the  elements  of  that  acid  united  to  sulphur  in  very 
different  proportions. 

Formation  of  Sulphuretted  Chyazic  Acid. 

Mr.  Porrett  has  pointed  out  different  methods  more  or  less 
compUcated  of  obtaining  this  acid.  The  method  of  M.  Grot- 
thuss seeming  to  me  to  present  advantages,  I  repeated  it  by 
calcining  in  a  covered  crucible  d  mixture  of  two  parts  of  prussiate 
of  potash  and  one  part  of  sulphur. 

llie  black  mass  remaining  in  the  crucible  being  boiled  with 
alcohol  of  38  degrees,  gave  a  liquid,  colourless  after  being 
ffltered,  which  dia  not  form  prussian  blue  with  the  ferruginous 
salt,  but  communicated  to  them  a  dark  cherry  red  colour. 

llie  alcoholic  solution,  however,  was  very  alkaline.  Muriatic 
acid  disei^aged  from  it  sulphuretted  hydrogen  gas,  and  acetate 
of  lead  occasioned  a  black  precipitate.  Hence  it  contained 
potash  partly  disengaged  and  partly  combined  with  sulphuretted 
nydrogen.  By  M.  Grotthuss's  method  then,  we  cannot  obtain 
a  pure  sulphuretted  chvazate,  nor  of  consequence  pure  sulphu- 
retted chyaac  acid ;  tor  when  the  salt  is  mixed  with  diluted 
sulphuric  acid  and  distilled,  the  acid  which  passes  into  the 
retoit  is  contaminated  with  sulphuretted  hydrogen. 

•  Translated  from  the  Journ.  de  Pharm.  Oct.  1818,  p.  441. 

^  A  tranilatioa  of  this  paj^r  has  jast  appeared  in  the  ^naCt  0/  PhilQ«»ph>(« 
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The  reason  why  M.  Grotthuss's  process  is  mtsfttisfactoiy  i», 
that  the  mixture  of  prussiate  of  potash  and  sulphur  is  exposed 
to  too  high  a  temperature ;  for  I  have  ascertained  that  whenevier 
this  mixture  is  exposed  to  a  red  heat,  or  to  the  heat  of  a  forge, 
as  Ghrotthuss  prescribes,  potash  is  disengaged,  and  stdphnretted 
hydroj^en  formed.  I  have,  therefore,  varied  the  experiment,  and 
have  found  that  a  pu!re  sulphuretted  chyazate  may  oe  formed  by 
modifying  the  heat  a  good  deal. 

For  this  purpose,  a  mixture  of  equal  parts  of  prussiate  of 
potash  and  nowers  of  sulphur  is  put  into  a  glass  matrass,  which 
IS  exposed  to  heat.  After  the  matter  has  ceased  to  emit  air 
bubbles,  it  is  leftYor  an  hour  in  a  state  effusion  ;  but  at  a  tem- 
perature ^eatly  below  a  red  heat.  The  matrass  is  then  allowed 
to  cool,  it  is  broken  in  pieces,  the  black  matter  is  reduced  to 
powder,  and  hot  water  is  poured  upon  it.*  The  filtered  liquor 
IS  colourless,  perfectly  neutral,  and  contains  no  sulphuretted 
hydrogen.  It  is  not  altered  when  mixed  with  protosulphate  of 
iron,  and  becomes  red  when  mixed  with  persulphate  of  iron.  If 
the  filtered,  colourless  solution  be  left  exposed  for  some  time  tQ 
the  open  air,  or  if  it  be  placed  in  contact  with  nitrous  acid  in 
vapour,  it  becomes  dark  red,  because  it  contains  protoxide  of 
iron  combined  with  sulphuretted  chyazic  acid  and  potash.  The 
newly  prepared  liquid,  when  mixed  with  ammoma,  allows  the 
ffreen  hydrate  of  iron  to  precipitate ;  while  prussiate  of  potash 
mrows  aown  prussian  blue. 

When  the  object  in  view  is  to  obtain  sulphuretted  chyazic 
acid,  this  oxide  of  iron  occasions  no  obstacle.  But  if  we  wish 
to  get  a  pure  sulphuretted  chyazate,  we  must  drop  into  the  solu- 
tion caustic  potash  till  the  whole  iron  is  precipitated,  '  The 
Uquid  is  then  filtered  while  still  hot,  and  evaporated  to  dryness. 
The  salt  obtained  is  very  soluble  in  alconol.  It  does  not 
become  red  when  exposed  to  the  air ;  but  it  is  very  deliquescent, 
and.  ought,  therefore,  to  be  immediately  put  into  a  well  stopped 
bottle.  The  process  for  obtaining  pure  sulphuretted  chyazate  of 
potash  may,  therefore,  be  reduced  to  this  : 

Keep  a  mixture  of  equal  weights  of  prussiate  of  potash  in 
powder  and  flowers  of  smphur  in  fusion  in  a  matrass  for  an  hour. 
When  the  mass  has  cooled  and  been  reduced  to  powder,  treat  it 
with  twice  its  weight  of  distilled  water,  and  into  the  distilled 
solution  drop  potash  as  long  as  any  precipitate  falls.  Filter  a 
second  time,  and  evaporate  the  liquid  to  dryness; 

Extraction  of  Sulphuretted  Chyazic  Add. 

After  having  obtained  a  pure  sulphuretted  chyazate,  it  is 
possible  to  procure  likewise  B.pure  sulphuretted  chyazic  acid. 

*  To  determiDe  whether  the  mass  has  been  kept  a  snfflcient  time  in  a  state  of 
fatioo,  and  whether  all  the  common  prassiate  of  potash  has  been  decomposed, 
dissolve  a  little  of  it  in  water,  and  try  the  solution  with  sulphate  of  iron.  If  no 
Prussian  blue  is  formed,  the  decomposition  is  complete.  If  it  is,  we  must  treat 
the  powder  with  boiling  alcohol,  or  fuse  it  a  second  time. 
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For  this  purpose  I  dissolved  an  ounce  of  sulphuretted  ehy- 
azate  of  potash  in  an  ounce  of  water ;  I  poured  tne  solution  into 
a  tubulated  retort,  and  added  six  gros  or  concentrated  sulphuric 
acid,  previously  diluted  with  its  own  weight  of  water.  The 
retort  having  a  receiver  fitted  to  it  was  placed  upon  a  sand  bath, 
and  heated. 

The  product  of  this  distillation  is  a  limpid,  colourless  liquid. 
What  comes  over  first  contains  more  water  than  the  succeeding 
portions.  It  becomes  more  and  more  acid  as  the  process 
advances.  The  distillation  may  be  continued  as  long  as  the 
liquid  passes  over  colourless;  and  this  colourless  liquid  only 
should  be  regarded  as  pure  sulphuretted  chyazic  acid.  It  ought 
to  be  preserved  in  small  bottles,  which  should  be  quite  filled 
with  it.  The  hquid  which  comes  over  last  is  yellow,  and  con- 
tains a  Uttle  sulphur  in  solution,  and  sometimes  even  hydrosul- 
phmret  of  ammonia.  It  ought  not  to  be  added  to  the  colourless 
acid. 

There  remains  in  the  crucible,  besides  sulphate  of  potash,  a 
powder  of  a  deep  orange  colour,  containing  sulphur  and 
charcoal.* 

Properties  of  pure  Sulphuretted  Chyazic  Acid. 

When  most  concentrated,  it  is  a  colourless  hquid  with  a  pun- 

f;ent  smell,  reddening  vegetable  blues,  and  having  an  acid  taste, 
ts  specific  gravity  at  the  temperature  of  6I^°is  1"0203. 

To  satisfy  myself  whether  my  sulphuretted  chyazic  acid 
contained  any  prussic  acid,  I  super-saturated  it  with  potash,  and 
added  to  the  newly  prepared  solution  protosulphate  of  iron.  But 
not  the  least  prussian  blue  was  formed,  even  when  an  acid  was 
added  to  the  liquid. 

Neither  does  it  contain  any  sulphuric  or  sulphurous  acid  ;  for 
it  is  not  precipitated  by  barytes  water.  The  white  crystalUne 
precipitate,  produced  by  acetate  of  lead,  is  entirely  soluble  in 
cold  water.  This  last  experiment  proves  Ukewise  that  the  acid 
contains  no  sulphuretted  nydrogen. 

Action  of  Heat  on  Sulphuretted  Chyazic  Acid, 

The  acid  requires,  when  the  barometer  stands  at  28*24  incheot, 
a  temperature  of  2164-°,  to  cause  it  to  boil. 

When  acid  is  boiled  in  a  glass  filled  with  mercury,  the  column 
of  mercury  sinks  completely,  and  recovers  its  former  height 
when  the  acid  is  allowed  to  cool.  Hence  the  acid,  when  boiled, 
is  converted  into  vapour,  but  not  into  gas. 

When  the  acid  is  poured  into  a  red  hot  platinum  crucible, 
sulphur  is  disengaged,  and  at  last  bums  with  a  blue  fiame. 

*  I  liaTe  likewise  distilled  sulphuretted  chyazate  of  potash  with  an  addition  of 
phosphoric  aeid,  and  have  obtained  very  pure  saiphurelted  chyazic  acid.  But  no 
orange  powder  remains  in  the  retort ;  and  it  appears  that  sulphuretted  chyazic 
acid  is  not  decomposed  by  phosphoi ic  acid. 
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I  passed  the  yapoqr  of  the  acid  through  a  red  hot  porcelain  tabe, 
aind  obtained  at  tne  furthest  extremity  of  it,  sulphur^  sulphuretted 
chyaxic  jBU^id  undecomposed,  and  prussic  acid^  which  was  partly 
saturated  widi  ammonia.  But  I  found  no  charcoal  in  the  tube; 
though  I  have  no  doubt  that  if  the  acid  be  passed  very  slowly 
through  a  red  hot  tube^  it  will  be  completely  decomposed,  ana 
will  deposit  charcoal. 

When  the  acid  is  passed  through  a  red  hot  porcelain  tube 
fiUed  with  iron  turnings,  we  obtain  sulphuret  of  iron,  prussic  add, 
and  sulphuretted  hydrogen. 

Sulpnuretted  chyazic  acid  crystallizes  in  six-sided  prisms  at 
the  temperature  of  544-°. 

Action  of  Air. 

When  pure  concentrated  acid  is  exposed  to  the  air  in  an  open 
vessel,  it  soon  begins  to  evaporate.  A  sUp  of  paper,  with  which 
the  mouth  of  the  vessel  was  covered,  became  red ;  while  the 
acid  assumed  a  yellow  colour,  and  deposited  sulphur.* 

Mr.  Porrett  states  that  the  acid  becomes  red  on  the  contact 
of  air,  and  that  it  is  oxydized ;  but  I  camiot  adopt  his  opinion. 
The  red  colour  doubtless  proceeded  from  some  protoxide  of  iron 
which  had  passed  into  peroxide  by  the  contact  of  the  air,  or  it 
might,  perhaps,  have  been  occasioned  by  the  contact  of  paper, 
or  other  organic  bodies  floating  about  in  the  air.  The  seniubi- 
lity  of  this  acid  for  peroxide  of  iron  is  so  great  that  it  cannot  be 
filtered  through  paper,  or  placed  in  cont^t  with  cork,  withottt 
becoming  ted. 

Action  of  Chlorine. 

When  sulphuretted  chyazic  acid  was  mixed  with  liquid  chlcMrine, 
this  last  suD^tance  lost  its  odour  and  its  vellow  cc^our.  The 
mixture  was  now  precipitated  by  muriate  of  barytes,  which  was 
not  the  case  before.  Hence  sulphuric  acid  had  been  formed ; 
but  no  sulphur  was  deposited. 

Neither  does  chlorine  precipitate  sulphur  from  the  sulphuret- 
ted chyazate  of  potash ;  though  H.  Grotthuss  has  founded  a 
mode  of  analyzing  this  acid  upon  the  separation  of  the  sulphur 
in  this  case.  I  have  already  shown  that  the  sulphuretted  cnya- 
2i^te  of  potash,  procured  by  Grotthuss,  by  means  of  a  red  heat, 
contained  sulphuretted  hydrogen.  This  was  the  reason  why 
chlorine  precipitated  sulphur  from  it. 

Sulphuretted  chyazic  acid  is  completely  decomposed,  when 
agitated  with  chlorine ;  for  the  mixed  hquid,  after  being  satu- 
rated with  potash,  is  no  loiiger  reddened  by  persulphate  pf  iron* 
But  Prussian  blue  is  formed,  which  is  insoluble  in  muriatic  acid. 

When  a  mixture  pf  sulphuretted  chyazic  acid  and  chlorine  is 
slightly  heated,  a  very  distinct  odour  of  prussic  acid  becomes 
perceptible,    If  this  vapour  is  made  to  pass  into  Ume  water,  we 

*  When  exposed  in  unall  bottles  to  the  rays  of  the  siiD,  it  becomes  likei|.i9ft 
yellow,  and  diepdsits  sulphur. 
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obtain  pnuisiate  of  lixne,  which  forms  prussian  blue  with  fenrn- 
ginoos  solutions. 

When  sulphuretted  chyazic  acid  is  poured  into  a  vessel  filled 
with  cUorine  gas,  the  temperature  nses  considerably.  The 
whole  of  the  sulphur  is  converted  into  sulphuric  acid,  and  of 
course  no  sulphur  is  precipitated. 

Thus  it  appe^urs  that  the  action  of  chlorine  upon  sulphuretted 
chyazic  acid  consists  in  converting  the  sulphur  into  sulphuric 
acid,  and  setting  the  prussic  acid  at  Uberty.  It  is  necessary  to 
employ  a  slight  excess  of  chlorifle  in  order  to  acidify  the  whole 
of  the  sulphur ;  but  if  the  proportion  used  be  too  great,  it  would 
combine  with  tihe  prussic  acid  when  set  at  liberty. 

The  opinion  of  Mr.  Porrett,  that  sulphuretted  chyazic  acid  is 
a  compoimd  of  prussic  acid  and  sulpnur,  is  not  so  absurd  as 
M.  Grotthuss  conceives  it  to  be ;  for  can  it  be  said  that  the 
chlorine  formed  prussic  acid  ?  This  would  be  a  thing  without 
example  in  chemical  science. 

The  sudden  death  which  sulphuretted  chyazic  acid  produces 
in  animals  seems  still  further  to  favour  the  notion,  that  it  is  not 
merely  the  elements,  but  the  prussic  acid  itself,  which  acts.  It 
is  a  most  striking  fact  that  prussic  acid,  when  it  combines  with 
sulphur,  loses  its  most  remarkable  properties. 

Nitric  or  nitrous  acid  does  not  precipitate  sulphur  from 
sulphuretted  chyazic  acid.  All  the  sulphur  is  converted  into 
sulphuric  acid,  and  the  prussic  acid  becomes  free.  Concentrated 
sulphuric  acid  is  the  only  acid  which  precipitates  sulphur  from 
sulphuretted  chyazic  acid.* 

Action  of  Iodine. 

When  sulphuretted  chyazic  acid  was  boiled  with  iodine,  there 
passed  into  the  receiver,  which  contained  lime  water,  a  Quantity 
of  prussic  acid.  The  liquid  which  remained  in  the  crucible  had 
a  reddish  brown  colour,  and  was  very  acid,  but  did  not  contain 
prussic  acid.  When  this  liquid  was  neutralized  by  ammonia,  it 
became  colourless.  It  was  precipitated  red  by  corrosive  subh- 
mate ;  orange  yellow  by  acetate  of  lead ;  and  green  by  proto- 
nitrate  of  mercury.  The  sulphuretted  chyazic  acid  of  course 
had  been  decomposed,  and  hydriodic  acid  formed. 

Ou.  €m  analogous  Property  between  Sulphuretted  Chyazic  Add  and 

Meconic  Acid. 

Sulphuretted  chyazic  acid,  when  mixed  with  ferru^nous  salts, 
produces  exactly  tne  same  appearances  as  meconic  acid.  Neither 
of  these  acids  occasions  any  change  of  colour  in  the  protosatts ; 
but  both  of  them  dissolve  the  peroxide  of  iron,  and  foim  with  it 

*  When  I  placed  snlpliiiretted  chyaziic  acid  In  the  circuit  of  a  Voltaic  battery 
of  50  pair  of  plates,  I  olraerved  at  the  negative  pole  a  consMc 
of  pu,  whMe  fvlfhar  was  de|^o«ited  reaad  the  potitive  pole* 
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a  blood  red  solation ;  and  both  of  them  give  the  sam^  colontto 
thepersalts  of  iron. 

Tne  red  solutions,  produced  by  both  of  these  acids,  lose  their 
colour  on  the  addition  of  acids,  alkalies,  protomuriate  of  tin,  and 
the  solar  rays. 

The  disappearing  of  the  red  colour  by  the  sun's  rays  is  owing 
to  the  peroxide  of  iron  being  changed  into  protoxide ;  for  ammo- 
nia throws  down  a  reddish  precipitate  from  the  red  solution; 
but  a  green  precipitate  (protohydrate  of  iron)  from  the  Uquid 
rendered  colourless  by  the  solar  light. 

When  the  Uquids  rendered  colourless  by  the  sun  are  placed  in 
a  dark  place,  out  exposed  to  the  air ;  or  better,  if  they  be 
placed  in  contact  with  nitrous  acid  in  the  state  of  vapour,  the 
kood  red  colour  appears  again ;  because  the  iron  is  again  con- 
verted  into  peroxide. 

Writing  with  common  ink  becomes  red,  when  plunged  into 
sulphuretted  chyazic  acid,  as  it  does  when  plunged  into  meconic 
acid. 

But  the  analogy  between  these  two  acids  does  not  go  further. 

Solution  of  gold  deprives  the  compound  of  smphuretted 
chyazic  acid  and  peroxide  of  iron  of  its  red  colour ;  but  it  pro- 
duces no  alteration  in  the  solution  of  peroxide  of  iron  in  meccmic 
acid. 

Finally,  meconic  acid  is  solid,  crystaUizable,  and  capable  of 
subliming,  while  sulphuretted  chyazic  acid  is  a  liquid,  and  a 
Violent  poison. 

Dr.  Soemmering  made  a  set  of  experiments  on  dogs  with 
sulphuretted  chyazic  acid,  meconic  acid,  and  morphia.  We 
cannot  enter  into  a  detail  of  the  numerous  experiments  which 
he  made  on  this  subject.  As  a  paper  on  the  subject  will  be 
published  in  Schweigger's  Journal,  we  shall  confine  ourselves 
here  to,  the  following  observations  which  contain  the  general 
results. 

Outline  of  the  Physiological  Experiments, 

Concentrated  chyazic  acid  occasions  sudden  death,  when 
administered  in  the  quantity  of  half  a  gros.  When  the  acid  is 
much  diluted  with  water,  and  given  in  repeated  doses,  it  acts 
on  the  organs  of  respiration,  produces  convulsions,  and  death 
ensues  more  slowly. 

A  small  quantity  of  this  acid  affects  the  respiration.  The  acid 
is  voided  in  the  urine,  without  producing  permanently  bad 
consequences. 

A  d!og,  upon  which  the  diluted  acid  was  made  to  act  for  24 
hours,  and  which  died  in  consequence,  was  opened.  The  pre- 
sence of  the  acid  co.uld  be  detected  in  the  blood,  and  still  more 
easily  in  the  urine. 

Sulphuretted  chyazate  of  potash,  administered  in  the  same 
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doses,  produces  similar  effects.  This  salt  then,  as  well  as  the 
acid,  acts  in  the  same  way  ais  prussic  acid. 

Meconic  acid,  taken  in  a  close  of  from  eight  to  ten  grains, 
produces  no  sensible  effect  upon  young  and  weak  dogs :  and  the 
original  opinion  of  M.  Sertumer  seems  to  be  much  better  founded 
than  the  recent  assertion  that  meconic  acid  is  the  most  violent 
poison  am^ng  vegetable  substances, 

Meconiate  of  soda,  in  a  dose  of  10  grains,  produces  no  sensible 

CTOCt. 

Morphia,  in  a  dose  of  10  grains,  or  even  four  grains,  is 
narcotic  in  an  eminent  degree.  A  dog  fell  asleep  immediately, 
and  slept  24  hours  without  interruption  ;  but  did  not  die. 

Recapitulaiion  of  the  Chemical  Experiments. 

It  follows  from  the  facts  stated  in  this  paper : 

L  That  we  cannot  obtain  pure  sulphuretted  chyazate  of 
potash,  nor  pure  sulphuretted  chyazic  acid,  when  we  calcine 
prussiate  of  potash  and  sulphur  at  a  red  heat. 

2.  That  it  is  sufficient  to  frise  the  mixture,  if  we  do  not  wish 
to  push  the  decomposition  ftirther  than  is  necessary  for  the 
punty  of  the  products. 

3.  That  we  may  obtain  pure  sulphuretted  chyazic  acid  by 
distilling  sulphuretted  chyazate  of  potash,  mixed  with  dilute 
sdphunc  acid,  or  still  better  with  phosphoric  acid. 

4.  That  sulphuretted  chyazic  acid  exposed  to  the  sun,  or 
placed  in  contact  with  the  air,  allows  sulphur  to  precipitate 
without  assuming  a  red  colour. 

5.  That  the  acid,  when  exposed  to  a  red  heat,  is  decomposed 
into  sulphur,  prussic  acid,  and  ammonia. 

6.  That  nitric  acid,  or  chlorine,  does  not  precipitate  sulphur 
from  sulphuretted  chyazic  acid,  but  forms  sulphuric  acid,  andsets 
prussic  acid  at  Uberty. 

7.  That  iodine  decomposes  the  acid,  and  produces  hydriodic 
acid. 

8.  That  sulphuretted  chyazic  acid  has  no  other  analogy  with 
meconic  acid  than  that  of  forming  blood  red  liquids  with  per- 
oxide of  iron  and  the  persalts  of  iron. 

9.  That  sulphuretted  chyazic  acid  is  an  excellent  reagent  for 
salts  containing  peroxide  of  iron;  but  only  when  there  is  no 
excess  either  o?  acid  or  alkali  in  the  liquid. 

10.  That  sulphuretted  chyazic  acid  is  not  composed  of  the 
elements  of  prussic  acid  in  other  proportions  united  to  sulphur ; 
but  appears  to  consist  of  a  chemical  combination  of  prussic  acid 
and  siUphur ;  and  the  sulphur  is  the  cause  of  all  me  singular 
properties  of  this  acid  composed  of  three  combustible  bodies. 

11.  Finally,  Aat  the  discovery  of  Porrett  should  make  us 
attentive  in  manufactures  of  prussian  blue  to  avoid  a  potash 
which  contains  sulphur,  or  even  too  great  a  quantity  of  sulphate; 
because  it  would  occasion  a  considerable  loss  in  the  formation  of 
the  Prussian  blue. 


108     Prof  Stromeyer  on  the  Discovery  of  Cadmiumj    {Tb9'» 

Article  IV. 

Account  of  a  newly  discovered  Metal,  and  the  Analyns  of  a  . 
new  Mineral.    By  Prof.  Stromeyer.    (In  a  Letter  to  j)r« 

Schweigger.)  * 

OUiimgm^  ^jprtf  S6,  1814» 

The  last  number  of  yom*  excellent  journal^  which  I  receilred 
yesterday^  and  which^  among  other  interesting  discoveriei  aad 
researches,  gives  an  account  of  a  new  metal  discovered  by 
Berzelius,  has  suggested  to  me  the  propriety  of  sending  you  m 
the  same  publication  an  account  of  a  new  metal  discovered  by 
me  during  the  course  of  the  last  winter. 

As  I  was  last  harvest  inspecting  the  apothecaries'  shops  in 
the  principality  of  Hildesheim,  in  consequence,  of  the  gtfseral 
inspection  of  the  apothecaries  of  the  kingdom  having  been 
entrusted  to  me  by  our  most  gracious  Regency,  I  observed  in 
several  of  tkem^  instead  of  the  proper  oxide  of  zmc,  carbonate  of 
zinc,  which  had  been  almost  entirely  procured  from  the  chemical 
manufactory  at  Salzgitter.  This  carbonate  of  zinc  had  a  daTaling 
white  colour ;  but  wken  heated  to  redness,  it  assumed  a  ydDow 
colour,  inclining  to  orange,  though  no  sensible  portion  of  iron 
or  lead  could  be  detected  in  it.  When  I  afterwards  visited 
Salzgitter,  during  the  course  of  this  journey,  and  went  to  the 
chemical  manufactory  from  which  the  carbonate  of  zinc  had  been 
procured ;  and  when  I  expressed  my  surprize  that  carbonate  of 
zinc  should  be  sold  instead  of  oxide  of  zmc,  Mr.  Jost,  who  hss 
the  charge  of  the  pharmaceutical  department  of  this  manufactory, 
informed  me  that  the  reason  was,  that  their  carbonate  of  zinc, 
when  exposed  to  a  red  heat,  always  assumed  a  yellow  colour, 
and  was  on  that  account  supposed  to  contain  iron,  though  thct 
greatest  care  had  been  taken  oeforehand  to  free  the  vbc  firani 
iron,  and  though  it  was  impossible  to  detect  any  iron  in  the 
oxide  of  zinc  itself.  This  information  induced  me  to  examiDA 
this  oxide  of  zinc  more  carefully,  and  I  found,  to  my  great 
surprise,  that  the  colom*  which  iff  assumed  was  owin^  to  the 
presence  of  a  peculiar  metallic  oxide,  the  existence  of  which  had 
not  hitherto  been  suspected..  I  succeeded  by  a  peculiar  process 
in  freeing  it  from  oxioe  of  zinc,  and  in  reducing  it  to  the  metallic 
state.  I  have  found  the  same  oxide  in  tutia,  and  in  several  other 
oxides  of  zinc;  and  it  exists  likewise,  as  might  have  been 
expected,  in  metallic  zinc.  But  in  all  these  bodies  it  exists  only 
in  a  very  minute  proportion,  which  can  scarcely  exceed  between 
tbW  ^d  TT?r  of  the  whole. 

The  properties  by  which  this  new  metal  is  distinguished  aie 
the  following :  it  has  a  light  white  colour,  incUning  a  Uttle  to 
grey,  and  in  this  respect  comes  nearest  to  platinum.  It  has  a 
great  deal  of  briUiancy,  and  admits  of  a  fine  polish.    Its  texture 

*  Translated  from  Scbweigger's  Journal,  zzi.  S97.    (Published  May  SS,  I01S.) 
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'.B  very  compact,  and  its  fracture  hackly.  Its  specific  gravity  is 
pretty  considerable,  amounting  to  8-750  after  the  metal  nas  been 
nisea.  It  is  very  ductile,  and  may  be  hammered  out  into  thin 
plates,  both  cold  and  hot,  without  the  risk  of  cracking.  Its 
cohesion  appears  to  be  pretty  considerable,  and  to  surpass  that 
>f  tin.  It  belongs  to  the  more  fusible  metals ;  for  it  melts 
before  it  is  red  hot ;  and  an  iron  wire,  heated  to  redness  by  a 
spirit  lamp,  readily  melts  it.    It  is  likewise  very  volatile,  rising 

Si  in  the  state  of  vapour,  at  a  temperature  not  much  surpassing 
at  at  which  mercury  boils.  This  vapour  has  no  pecuhar  smell, 
uid  congeds,  Uke  mercury,  in  drops,  which  exhibit  distinct 
traces  ofcrystaOization. 

Tins  metal  undergoes  no  alteration  when  exposed  to  the  air; 
but,  when  heated,  it  bums  very  readily,  and  is  converted  into 
a  yellow  coloured  oxide,  the  greater  part  of  which  sublimes  in 
the  state  of  a  yellowish  coloured  smoke,  and  covers  any  body 
held  over  it  with  a  yellow  coating.  If  the  experiment  be  made 
before  the  blow-pipe  upon  charcoal,  the  charcoal  is  in  like 
manner  covered  with  a  brownish  yellow-coloured  coat.  It  gives 
oat  no  perceptible  smell  when  it  bums.  It  dissolves  in  nitric 
acid  with  the  evolution  of  nitrous  gas.  Sulphuric  acid  and 
muriatic  acid  act  upon  it  likewise,  and  hydrogen  gas  is  given 
out ;  but  its  solution  in  tliese  acids  is  a  very  slow  process.  The 
scduUons  are  quite  colouiless,  and  are  not  precipitated  by  water. 
This  metal  appears  to  combine  with  oxygen  in  only  one  propor- 
tion. The  oxide  has  a  greenish  yellow  colour;  but  by  exposure 
to  a  strong  red  heat,  it  acquires  a  tint  of  yellow ;  and  if  the 
heat  be  very  long  continued,  it  becomes  neariy  brown.  As  the 
orange  and  brown  oxides  dissolve  in  acids,  as  well  as  the  green- 
ish yellow,  without  the  evolution  of  any  gas,  and  form  the  very 
sanie  kind  of  solutions,  there  is  reason  to  believe  that  the  alter- 
ation in  the  colour  of  the  oxide  is  merely  owing  to  the  state  of 
its  aggregation,  and  not  to  any  difference  in  the  proportion  of 
osygci^  which  it  contains.  This  oxide  withstands  the  strongest 
heat ;  and  when  raised  to  a  white  heat  in  a  covered  platinum 
cracible,  by  means  of  Marcet's  lamp,  it  did  not  undergo  fiision. 
When  heated  with  charcoal,  or  any  substance  containing  carbon, 
it  is  easily  reduced  to  the  metallic  state ;  and  the  reduction 
takes  place  when  the  heat  just  begins  to  get  red.  To  borasp,  it 
eommmiicates  no  colour.  It  does  not  dissolve  in  the  fixed 
aUkaUes  ;  but  a  portion  of  it  is  taken  up  by  ammonia.  Towards 
the  acids,  it  acts  precisely  as  a  salifiable  base.  The  salts 
iHliefa  it  forms  have  almost  all  a  white  colour.  Those  with 
svdphuric  acid,  nitric  acid,  muriatic  acid,  and  acetic  acid,  crys- 
tsffize  rea(fily,  and  are  veiy  soluble.  Those  with  phosphoric 
acid,  carbonic  acid,  and  oxalic  acid,  are  insoluble.  From  the 
solutions  of  the  first  mentioned  salts,  it  is  thrown  down  white 
by  fte  fixed  alkdies,  probably  in  the  state  of  an  hydrate,  and  the 
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precipitate  is  not  redissolved  by  adding  an  excess  of  aUudi.  By 
ammonia^  on  the  contrary,  it  is  indeed  at  first  precipitatsa 
white ;  but  when  an  excess  of  the  ammonia  is  addeo.  it  is  Again 
taken  up.  By  carbonate  of  ammonia,  it  is  thrown  down  in  the 
state  01  a  carbonate  ;  but  when  an  additional  quantity  of  the 
precipitant  is  added,  the  greatest  part  of  this  carbonate  is. again 
redissolved.  When  this  solution  is  exposed  to  the  open  air,  the 
carbonate  very  speedily  precipitates  again.  We  may,  therefore, 
employ  carbonate  of  ammoma  with  advantage  to  separate  this 
metal  from  zinc  and  copper,  when  it  is  mixed  with  them. 

Prussiate  of  potash  throws  down  this  metal  from  its  solutions 
in  acids  white;  sulphuretted  hydrogen,  and  the  hydrosulphureta, 
throw  it  dawn  yellow.  This  last  precipitate,  which,  when  dried, 
has  an  orange  yellow  colour,  resembles  sulphur  auratum,  and 
like  it  is  a  hydrosulphuret.  From  its  colour  and  appearance,  it 
might,  by  a  careless  observer,  be  mistaken  for  orpiment ;  but  it 
is  readily  distinguished  by  its  more  pulverulent  form,  by  its 
appearance  before  the  blow-pipe,  and  by  its  easy  solubihty  m 
acids,  with  the  evolution  of  sulphuretted  hydrogen  gas.  To 
judge  from  some  trials,  this  compound  of  sulphuretted  hydrogra 
and  the  new  metaUic  oxide  is  well  adapted  for  painting,  both 
ynth  water  and  with  oil.  It  forms  a  very  good  yellow,  \raich  is 
durable  ;  and  in  point  of  beauty  is  not  inferior  to  chrome  yellow. 
This  metal  is  precipitated  by  zinc  from  its  acid  sohitions, 
reduced,  and  in  the  dendritic  state.  But  copper,  lead,  silver, 
and  gold,  are  precipitated  by  it  in  the  metalUc  state. 
.  The  compounds  which  this  metal  forms  with  sulphur,  phos- 
phorus, iodine,  and  the  other  metals,  I  have  not  hitherto  been 
able  to  investigate  with  accuracy ;  though  it  seems  to  unite 
readily  with  several  of  these  bodies  ;  for  exarnple,  when  heated 
with  platinum,  it  easily  melts,  and  combines  with  that  metal, 
and  it  forms  with  mercury  a  sohd  crystallizable  amalgam. 
Hitherto  I  have  not  been  able  to  make  it  unite  with  copper. 
•  These  are  the  particulars  which  I  have  hitherto  been  able  to 
ascertain  respecting  this  metal.  They  are  so  peculiar  that  I 
entertain  no  doubt  about  it  being  a  new  metal  quite  different 
from  every  other.  As  I  found  it  first  in  the  oxide  of  zinc,  Lhave 
taken  occasion  from  that  circumstance  to  give  it  the  name  of 
Cadmium. 

In  consequence  of  the  very  small  quantity  in  which  cadmium 
exists  in  the  oxide  of  zinc,  and  the  metalhc  zinc  examined  hy 
me,  it  has  not  hitherto  been  in  my  power  to  imdertake  expen- 
ments  to  determine  the  composition  of  itscompoimds,  the  shape 
of  the  crystals  of  its  salts,  and  the  action  of  its  oxide  and  salts 
on  organized  bodies,  &c.  Indeed  the  whole  of  the  metal  which 
I.had  for  my  experiments  did  not  exceed  three  grammes.  I  am 
happy,  therefore,  to  be  able  to  inform  you,  that  within  these  few 
days,  through  Mr.  Hermann,  of  Schbnebeck,  and  Dr.  Rodolff, 
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of  Magdeburg,  who  took  an  interest  in  this  metal^  I  have  been 
placed  in  a  situation  which  will  enable  me  to  cany  my  experi- 
ments fnrther. 

During  the  apothecary^s  visitation  in  the  state  of  Magdeburg 
some  years  ago^  there  was  found  in  the  possession  of  seversd 
apothecaries,  a  preparation  of  zinc  from  Silesia,  made  in  Her- 
mann's manufactory  at  Schonebeck,  which  was  confiscated  on 
the  supposition  that  it  contained  arsenic,  because,  when  dis- 
solved in  acids,  and  mixed  with  sulphuretted  hydrogen,  it  let 
fall  a  yellow  precipitate,  which,  from  the  chemical  experiments 
made  on  it,  was  considered  as  orpiment.    This  fact  could  not 
be  indifferent  to  Mr.  Hermann,  as  it  affected  the  credit  of  his 
manufactory,  and  the  more  especially  as  the  Medicinal  Coun- 
sellor Rolon,  who  had  assisted  at  the  apothecaries'  visitation, 
had  drawn  up  a  statement  of  the  whole,  and  sent  it  to  Hufeland, 
in  Berlin,  who  published  it  in  the  February  number  of  his 
Medical  Journal.     He,  therefore,  subjected  the  suspected  oxide 
of  zinc  to  a  careful  examination ;  but  he  could  not  succeed  in 
detecting  any  arsenic  in  it.     He  then  requested  the  MediT 
cinal  Counsellor  Roloff  to  repeat  his  experiments  on  the  oxide 
once  more.    This  he  did  very  readily.     And  he  now  perceived 
that  the  precipitate  which  had  at  first  been  taken  by  him  for 
orpiment,  was  not  so  in  reaUty ;  but  owed  its  existence  to  the 
presence  of  another  metal,  having  considerable  resemblance  to 
arsenic,  but  probably  new.    To  obtain   full  certainty  on  the 
subject,  both  the  gentlemen  had  recourse  to  me,  and  have  sent 
me,  within  these  few  days,  both  a  portion  of  the  Silesian  oxide 
of  zinc  and  specimens  of  the  orpiment,  Uke  precipitate,  and  of 
the  metal  extracted  from  it,  with  the  request  that  I  would  sub- 
ject these  bodies  to  a  new  examination,  and  in  particular  that  I 
should  endeavour  to  ascertain  whether  they  contained  anyarsenic. 
From  the  particulars  alreadjr  stated,  I  considered  it  as  probable 
that  this  Silesian  oxide  of  zinc  contained  likewise  the  metal 
which  I  had   discovered;   and  as  it  gives  with  sulphuretted 
hydrogen  a  precipitate  similar  in  colour  to  orpiment,  I  considered 
this  to  be  the  reason  why  the  oxide  was  supposed  to  contain 
arsenic.     Some  experiments  made  upon  it  fully  confirmed  this 
opinion.     I  have,  therefore,   informed   Mr.   Hermann   of  the 
circumstance  by  the  post ;  and  I  shall  not  fail  to  give  the  same 
information  to  Medicinal  Counsellor  Roloff,  whose  letter  I  only 
received  the  day  before  yesterday. 

As  this  Silesian  oxide  of  zinc  contains  a  much  greater  propor- 
tion of  cadmium  the  oxide  which  I  examined,  amounting, 
according  to  the  experiment  of  Hermann,  to  about  three  per  cent. 
I  hope  now  to  have  it  in  my  power  to  procure  a  sufficient  quan- 
tity of  this  metal  to  be  able  to  examine  it  completely.  I  have, 
therefore,  requested  Mr.  Hermann  to  send  me  an  additional 
Quantity  of  the  oSdde  by  the  post ;  and  I  hope  to  receive  it  in 
tne  course  of  next  week. 
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I  shall  conclude  this  letter  by  iDformiug  you  ef*  •aemltktm^ 
Tecv  remaikable,  on  account  of  iu  compontion.     I  hAVo  {^I|b  . 
it  tbe  niune  of  Polyhalite.     According  to  my  utslyBiB^  lOCKlMite 
of  it  contaia  the  fo)loi.viag  iogredieots :  ■*■=> 

Hydrous  sulphate  of  lime 28*74  ,^'.., 

Anhydrous  sulphate  of  lime 22*3$  ,' ' 

Sulphate  of  potash 27*48  ,    , 

Anhydrous  sulphate  of  magnesia  ....  20*11  ,^ 

Commonsalt., 0*19 

Oxideofiron 0-32  ',' 


This  mineral  occurs  iu  the  beds  of  rovk  salt  at  lMlid,<<in 
Upper  Austria,  and  has  been  hitherto  erroneously  i  iiiiiirinilJhj 
nuneralogists  as  muriadte ;  and  under  tbe  name  of  Jiirtm 
muriacite,  it  has  been  described  as  a  variety  of  that  i  '  ' 
substance. 


Researches  on  the  Measure  of  Temteralures,  and  on  (Ae  J 
the  Commiinication  of  Heat.     Hy  MM.  pntongatk^'P 

IntTOduction,  ■  '■■' 

Fboh  the  beginning  of  experimental  pbvsics^  it  (iu 
perceived  that  of  all  the  effects  produced  by  neat,  tb^.  ~ 
of  bulk  which  bodies  undergo  ought  to  be  preferred  t  ^  ^ 
other  phenomena  due  to  the  same  cause  to  measure  ^.^.yj 
or  artificial  changes  of  temperature.  But  iheie  ww  ^,,g 
distance  between  this  first  perception  and  the  knowledge  nuw- 
eite  to  subject  the  construction  of  thermometers  to  u^vaiuw 
processes,  which  should  render  theii' 'indications  ^ob^H^'}^^ 
with  each  other.  The  frequent  employment  of  these  in«^im.^u», 
and  Hie  utihty  of  the  data  which  they  furnish,  have  fi^iidnu|p 
the  attention  of  philosophers  to  all  the  cirvumstanqes''0i4t,j|Wi 
contribute  to  their  perfection.  And  all  these  circumst^nCMMye 
been  studied  with  so  much  care,  and  at  such  length,  that  noming 
ftuther  remains  to  be  desired  relative  to  that  object. 

Great  precision  was  doubtle^  iadispennable  iii  thermometjical 
observattons :  but  Uiis  was  not  sufEicient  to  lead  to  au  a^cufaM 
knowledge  oi  the  theory  of  heat.  We  might  indeed  refer  aU  \hB 
phenomena  to  an  arbitrary  scale  of  temperature,  ajid  form  empi- 
rical formulae,   which  should  represent  the  observatiotia  witb 

*  Trsulaled  from  (be  Aon.  de  Chim.  et  Pbyi.  vii.  1 13.  Tbil  aienuikr  gaiacd 
(he  pilie  *Dled  bt  the  Aeadenn  of  Sciencet  in  (be  pablic  neetlnc  of  Harcb  I'> 
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pvecidon.  But  we  cannot  hope  to  discoyer  the  most  general 
iiroperties ;  or,  if  the  expression  is  preferred,  the  most  simple 
laws  of  heat,  till  we  have  compared  thermometers  constructed 
with  substances  taken  from  the  three  general  states  in  which 
matter  exists,  and  till  we  have  calculated  the  corresponding 
quantities  of  heat. 

Thouffh  this  subject  of  research  must  naturally  have  presented 
itself  t(7  the  mind  of  every  philosopher,  we  must  acknowledge 
that  it  has  not  yet  been  treated  m  a  manner  suitable  to  its 
importance.  The  essays  of  Deluc  and  Crawford  embrace  too 
small  a  portion  of  the  tnermometric  scale  to  enable  us  to  deduce 
general  consequences  from  them.  Indeed  this  is  a  reproach 
which  i^pUes  to  almost  all  the  experiments  relatiye  to  the  theory 
of  heat ;  and  it  has  become  the  source  of  a  great  number  of 
etrcKieous  inductions.  Indeed  it  is  easy  to  conceive  that  pheno- 
mena subjected  to  very  different  laws  may  appear  id!entical 
wiihin  a  certain  interval  of  temperature,  and  that  if  we  remain 
satisfied  with  observing  them  within  those  Umits  in  which  their 
divergence  is  almost  insensible,  we  shall  be  led  to  ascribe  their 
iS^ble  di8CO{dance  to  errors  of  observation,  and  shall  be  destitute 
of  the  data  requisite  to  mount  to  their  real  cause.  We  shall  have 
occasion  several  times  in  the  course  of  this  memoir  to  show  the 
justice  of  this  reflection. 

Mr.  Dalton,  considering  this  question  from  a  point  of  view 
much  more  elevated,  has  endeavoured  to  establish  general  laws 
applicable  to  the  measurement  of  all  temperatures.  These  laws, 
it  must  be  acknowledged,  form  an  imposing  whole,  by  their 
rifegohurity  and  simplicity.  Unfortunately  this  skilful  philosopher 
pvoceeded  with  too  much  rapidity  to  generaUze  his  veryingemous 
notions ;  but  which  depended  upon  uncertain  data.    The  conse- 

nee  is,  that  there  is  scarcely  one  of  his  assertions  but  what  is 
radicted  by  the  result  of  the  researches  which  we  are  now 
going  to  make  Known. 

These  researches  have  for  their  principal  object  the  laws  of 
tb«  codling  of  bodies,  plunged  into  an  elastic  fluid  of  any  nature 
il^iaiever,  and  at  different  densities  and  temperatures.  Before 
ttodying  this  class  of  phenomena,  it  was  indispensable  to  obtain 
more  exact  ideas  than  we  at  present  possess  respecting  the 
measure  of  elevated  temperatures.  It  was  by  the  examination 
of  this  accessory,  but  highly  interesting  question,  that  we  began 
ouf  labours.    We  shall  likewise  begin  our  memoir  with  it. 

This  memoir  then  will  consist  of  two  veiy  distinct  parts.    The 
first  wiU  have  for  its  object  every  thing  which  relates  to  the# 
meaitore  of  temperature ;  the  second  will  contain  thef  general 
Taws  of  cooling. 

Part  I. — Of  the  Measure  of  Temperatures. 

If  there  existed  a  body  whose  dilatations  were  subjected  to  a 
law,  so  simple  and  so  regular  that  successive  additions  of  eo^ual 

Vot.XIII.N°II.  H 
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cjuantities  of  heat  produced  always  the  same  increase  of  volume^, 
such  a  body  woula  possess  all  the  requisites  which  philosophers- 
hare  judged  necessary  and  sufficient  to  constiti^  a  perfect 
thernrometer. 

Such  an  instrument,  however,  might  not  ofier  aH  the  advan- 
tages which  it  appears  at  first  to  promise.  If  the  specific  heat 
oi  all  other  bodies,  for  example,  when  referred  to  this  thermo-. 
meter,  were  variable,  and  unequally  variable,  in  each  of  then^ 
it  is  very  evident  that  we  could  conclude  nothing,  d  priotiy 
from  the  indication  of  this  thermometer  relative  to  the  quan- 
tities of  heat  acquired  or  lost  by  a  determinate  variation  of 
temperature. 

We  see  Aen  that  the  first  step  to  be  taken  in  this  research  is 
to  ascertain  if  the  capacity  of  a  great  number  of  bodies,  taken 
with  the  same  scale,  vary  in  the  same  manner;  and  if  the  dila- 
tations of  bodies,  which  differ  most  in  their  nature,  are  subjected 
to  the  same  laws.  This  last  comparison,  with  which  we  shaK 
begin,  being  susceptible  of  a  greater  degree  of  precision  than.the 
first,  we  have  extended  it  much  further,  and  we  think  that  we 
have  taken  every  possible  care  to  secure  the  accuracy  of  the 
results. 

Of  the  Dilatation  of  the  Gases, 

When  we  have  no  other  object  but  to  establish  %.  g&aml- 
comparison  between  the  dilatations  of  all  bodies,  the  thertiiOme- 
trie  substance  to  which  all  the  measures  are  referred  maiy  ^^ 
chosen  in  an  arbitrary  manner.  The  construction  of  the  mercu- 
rial thermometer  being  easier,  and  its  use  more  convenient,  we 
have  employed  it  in  almost  all  our  experiments. 

The  comparison  of  this  thermometer  with  the  air  thermometer 
has  been  made  long  ago  by  Gay-Lussac,  between  the  limits  of 
freezing  and  boiling  water.  It  results  from  the  experiments  of 
this  celebrated  philosopher  that  the  two  instruments- do  not  pre- 
sent any  sensible  discordance  within  that  interval  of  tempejnature. 

Mr.  Dalton  thinks,  on  the  contrary,,  that  the  mercurial  ther- 
mometer would  be  about  1^  higher  than  the  air  thermometer 
towards  the  middle  of  ths  scale,  where  the  difference.  W:j*uI4 
obviously  be  the  greatest,  since  the  two  instruments  agree  at  0*'' 
and  at  100^.* 

We-  see  from  this,  that  if  there  exist  really  a  diiFere^c^- 
between  the  dilatabilities  of  air  and  mercury,  it  must  be  very 
small  between  the  limits  of  freezing  and  boiling  water. 

We  at  first  pursued  this  companson  for  inferior  temperafjaife^r, 
Th  a  first  experiment  made  at  —  20°,  we  found  a  perfect  laeatffy. 
between  the  two  instruments  ;  and  by  a  great  number  of  obser-^ 
vations  made  from  —  30^  to  —  36^,  we  observed  slight  differ-. 
ences  ;  but  sometimes  positive,  and  sometimes  negative,  so  that 
the  mean  of  all  the  measures  taken  simultaneously  oa  tbit>  twa 

•  Of  ibe  Ceatig|ade  Scale* 
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iiU^llrblsil^ilts  iathe  slme  foreacb.^  Hiiis  in  an  e:$:teat6f  more 
tfatA  130^,  the  differehce  of  the  tw5^cales  VhicH  we  comparef 
is  sulBcientty  smaU  to  Ibe  confonndew  vfiSi  the  eftots  of  the 
G^ervations.f 

Nothing  is  easier  than  these  kinds  of  experiments^  as  tong^aB 
we  do  not  ^  higher  than  the  temperature  of  boiling  water.  But 
when  we  wish  to  prosecute  this  examination  at  higher  tempera* 
tO^e^,  we  experience  great  difficulties^  depending  partly  upon 
our  finding  no  longer  any  fixed  temperature,  and  partly  upon  the 
^eat  rapidity  with  which  the  liquid  masses,  in  which  the  expe* 
nments  are  made,  cool  down.  For  this  reason,  and  several 
others  which  it  is  useless  to  state,  we  are  obliged  to  have 
recourse  to  more  tedious  and  complicated  processes.  Those 
which  WG  adopted,  after  studying  carefully .  all  the  causes 
of  error  which  are  likely  to  occur,  appear  to  us  to  attain  the 
ereatest  possible  precision  in  researenes  of  this  nature.  We 
dispense,  however,  with  giving  a  detailed  description  of  them 
here,  b^ecatise  they  differ  very  uttle  from  those  wnicb  we  have 
already  made  known  in  a  memoir  inserted  in  the  second  voluQie 
of  &e  Ai^ales  de*  Chimie  et  Physique,  p.  240.J:    Our  results, 

«  In  order  to  enable  tbe  reader  to  jodge  of  the  small  deviations  of  the  partial 
MttAMttiffoM,  W0rtiail-8tat«  Ifere^some  of  those  which  were  taken  between  —  30^ 

*    wi^u«di^»  a.^h*AK.*ft««^.  Air  thermometei^  corrected  tot 

tt ertmlttt  thiMoiAtefer.  the  dilatation  of  the  glass- 

.    -  S6'89? -  Sfria* 

-34-7^    -34-84 

—  33-31     -  33-40 

-»*  SB'S? -  Sg-lS- 

-31^3    -  Sl*5« 

—  31-26    -  31-04 

—  JW-4« -  30-5flF 


'     Ifeiui  -  31^-452  Mean  -  3S*4aO 

f  ^Tkttyp^y  considerable  annber  of  experiments  which  we  sitill  hate  to  ttiM 
fa  ibi8.m^oir  does  not  permit  us  to  enter  into  details  relative  to  fsach  of  them.  We 
shain.  tkdbefore',  satisfy  odrseWes  with  giving  tbe  results  obtained  in  each  cftse^sup- 
praiMtilftlielfiteroiedUte  ealcntations  which  led  to  them. 

(  Of  all  the  means  indicated  in  this  memoir  for  measuring  tbe  dilatation  of  air^ 
we  shall  only  recapitulate  the  following,  which  has  been  most  frequently  employed. 

W^  air  fsjnctosed  fn  a  tube  perfectly  dried,  placed  horizontally  in  a  bath  of 
ivetf  ail,  the  temperatare  of  which  is  ghiduatly  elevated.  This  tute  terminates  in 
the  oatiide  of  the  batb  in  a  itery  fine  tot>e,  whose  capacity  is  onfy  a  ne^1gibf6 
fradioip  of  thf^  total  volume^  When  the  air  has  acquired  the  requisite  temperature, 
tbe1llAi^''polbi:'ortbe  tube  is  shut  by  means  of  a  blow-pipe.  It  is  (hen  withdrawn 
trog^ihe  hMtj  arid  when  it' has- recovered  (he  temperature  of  the  air,  the'pofnt  is 
brojicw^^  fgg  iiadinr  mercury.  A  yortion  ef  this  fluid  of  course  enters  into  the  tube. 
By  cpinparing  the  weight  of  it  with  that  of  the  mercury  which  fills  tbe  whole  tube, 
we  can  easily  determine  the  dilatation  of  tbe  air,  taking  into  consideration  always 
theditference  of  pressure. 

Thls'process  requires  only-a  slight  change,  ii^hen  we  operate  on  a  gas  difiTc^ent 
from  air.    The  point  of  tbe  tube  must  then  be  bent,  and  plunged  into  a  capsule 
§lled  with  meronry.     While  the  temperature  is  increasing,  a  poTlVoii  ot  \\k«  %^ba*»% 
driven  oat  into  the  external  air;  but  when  the  cooling  begins^  llie  m«TC^t'^  Yna^ti 
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which  may  be  seen  in  the  foUowing  table,  approach  yer^lieaify 
to  those  of  the  memoir  above  quoted,  in  die  temperatti^$  Com- 
mon to  the  two  tables.  But  the  following  embraces  ali^olt  ihe 
complete  scale  of  mercury  from  the  freezing  to  the  boilihg,  jpoint 
of  the  hqmd,  which  is  an  interval  of  about  400®. 

TABLE  I. 

Temperatare  indicated  Correspooding  Tolames  Temperatnic  indicated  by  mn  air 
bytlieinercarialtlier-  of  the  same  masa  of  therBioneter,coiTected  for  tike 
mometer.  air.  dilinatioD  of  thei^lan. 

-  36° 0-8650  -  36-00^ 

0  1-0000 O-OO  . 

100 1-3750  100-00 

160  1-6576  148-70 

200  1-7389  V 197r05 

260  1-9189  : 246-06 

300  2-0976  292-7Q 

360  j**^^,f*'j  2-3125 360-00^^. 

The  temperatures,  indicated  in  the  last  column,  have-  been 
corrected  for  the  dilatation  of  the  glass,  which  we  shall  imme- 
diately point  opt.  '  ':r 

There  exis^  a  veiy  great  disagreement  aniong.theitiiipSbi^ 
given  by  different  philosophers  for  the  boiUng  point  o^  merttov. 
This  depends  in  part  upon  the  greater  or  smaller  care  be^li^ 
by  each  upon  the  construction  of  his  instruments,  and  up6n  the 
accuracy  of  the  correction  which  it  is  necessary  to  make  foirthe 
portion  of  the  tube  which  is  not  plunged  in  the  liqtiid.  ^'flie 
method  which  we  have  employed  dispenses  with  this  cbh^iS^. 
Instead  of  measuring  immediately  tne  augmentation  pfvoNiii^e 
of  the  same  mass  of  mercury,  as  is  done  in  the  ordinary  th^t^dao- 
meters,  we  have  determined  the  loss  of  weight  whicn  a  mm^ 
of  mercury,  capable  of  filling  a  glass  at  zero,  sustaink  H^hien 
completely  plunged  into  boiling  mercury.  Knowing  the  apj^i^kfkit 
dilatation  of  mercury  in  glass  for  the  first  100**,  we  can,'by  aVety 
simple  calculation,  find  the  corresponding  t^mperat^e  6n:'  a 
mercurial' thermometer,  whose  tube  is  at  the  same  teaq>erature 
as  the  bulb.  To  prevent  the  liquid  contained  in  the  Vvjs'e  frbm 
boiling,  thie  precaution  was  taken  to  make  it  termihdttfli^a^cary 
narrow  vertical  tube,  six  ccjitimetres  in  length.  Tli^')!iq^d 
jcolumn,  which  it  contained,  did  not  make  the  ^6000th 'ji|Wt;of 
the  total  mass  j  but  by  the  pressure  which  it  exercised  in  fte 
interior  of  the  vase,  it  completely  prevented  the  fbrmatiqtii^  of 
vapours.  It  is  needliess  to  say  that  great  care  was  ^UUceii'to 
expel  every  trace  of  air  or  humidity.     '  *  -     -.     .»-:•. 
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The  (porresponding  temperature  of  the  air  thermometer  was 
cislTci^lajted  by  a  method  analogous  to  that  which  we  bare  con- 
stantly employed  in  our  expenments  on  the  dilatation  of  gases. 
The  numbers  given  in  the  preceding  table  are  the  means  of  four 
results,  which  do  not  differ  from  each  other  a  single  degree. 

Before  going  further,  we  shall  make  a  remark  of  considerable 
importance,  if  we  csdculate  the  temperatures  of  an  air  ther- 
mometer by  the  augmentation  of  volume  which  the  same  mass 
of  this  fluid  experiences  under  a  constant  pressure^  we  obtain 
exactly  the  same  results  as  when  we  deduce  them  from  the 
measure  of  the  change  of  elasticity,  the  volume  remaining  the 
,same.  This  result  proves  evidently  that  the  law  of  Manotte 
never  ceases  to  be  exact,  whatever  oe  the  temperature. 

From  th^  beautiful  observation  of  Gay-Lussac,  that  all  elastic 
fluids  undergo  exactly  the  same  dilatation  from  0®  to  100°,  it 
was  very  probable  that  the  same  uniformity  would  be  observed  at 
high  temperatures,  and  that  the  preceding  numbers  for  air  would 
apply  to  all  gases.  Yet  that  nothing  might  be  left  uncertain 
relating  to  a  subject  of  such  importance,  we  made  an  experiment 
on  hydrogen  gas,  which,  as  is  known,  differs  the  most  from 
the  others  in  its  physical  properties.  The  result  was  included 
between  the  extremes  of  those  which  we  had  obtained  for  air** 

f^^o^^y^  therefore^  consider  it  as  estabhshed  that  all  the  gascA 

a^' aosolujl^ly  in  the  same  manner  and  the  same  quantity  by 
^q^al^ch^^nges  of  temperature. 

The  determinations  which  we  have  just  stated  would  be  suffi- 
cient^ if  it  were  required  only  te  know  the  volume  of  a  gas  at 
anjr  temperature  wnatever  of  the  mercurial  thermometer,  or 
reGiproQally ;  but  the  object  which  we  had  in  view  of  comparing 
the  respective  dilatations  of  mercury  and  air  is  not  yet  completely 
attaiuea*  For  all  liquid  thermometers  indicate  merely  the 
diSerence  of  the  expansion  of  the  fluid,  and  of  the  vessel  which 
coBtains  them.  But  this  difierence  cannot  bear  the  same  ratio 
with<i;Le  absolute  expansion  of  the  liquid,  excepting  in  the  single 
cas^  ,When  the  increments  of  volume  of  the  two  bodies  follow 
exactly  the  same  law.  If,  for  example,  the  matter  of  tlie  vessel 
dilated  itself,  according  to  a  less  rapid  law  than  the  liquid  which 
iif  cpi^tainsj  it  is  evident  that  the  thermometer  would  appear  to 
q8e..even  when  the  dilatation  of  the  hqViid  was  unifortn.  Op  the 
opposite  supposition,  there  would  take  place  a  partial  and  unequal 
M>|opensation,  which  would  equally  disturb  the  accuracy  of  the 
BOog^Kajrispn.  It  was,  therefore,  indispensable  to  endeavour  to 
iscertaim  the  variation  which  the  absolute  dilatation  of  one  of 
;he  two.  bodies  constituting  the  mercurial  thermometer  expe- 
iences  at  elevated  temperatures. 
When  we  consider  all  the  difficulties  inherent  in  the  ineasure- 

*  T|ie  y,olame  of  hydrogep  being  1  at  zero,  we  found  it  eqaal  to  2*1003  at  the 
em^ratafe  of  300^,  of  the  mercurial  thermometer.  The  extremes  of  (he  YOloa^f 
ccupied  by  air,  in  the  same  circuiiuitaBces,  are  8'094S  aud  8'lQfKT* 
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a>eQLt  of , the  ^fixpansion  o{.H9&d»,  ^y.em  bsHow  the  tyy>pynature 
of  bcMJing  water,  we  ure  itenified  0t  the  jpi^ch  Qiope  AW^e- 
rou8  obBtacles  which  wpjujd  accoiapaay  ihe  sMfte  determioEt- 
tiQn  at  «devated  temperatures.  Aiter  a  carefiol.  consid^caticHi 
of  all  the  experimental  resources  whidx  we  coyld  hope  ^r,  the 
Macertainty  of  success  and  the  enormous  comi)UGatiion  of 
appajratus  that  would  have  been  requwed,  determined  us  |bo 
2]mdectak£  the  .4vect  measurement  of  the  absolute  dilatatipmof 
IQoercuiy.    Tuhis  is  the  object  of  the  foUowioLg  chapter. 

Of  the  Absolute  Dilatation  of  Mercury. 

The  knowledge  of  the  absolute  dilatation  of  mercury  bec^e 
essential  as  soon  as  it  was  perceived  that  heights  might  be 
exactly  measured  by  means  of  the  barometer.  Nor  is  the  datum 
less  ^nelul  in  many  physical  e^qperiments.  Accordingly,  theyre 
jire  few  determinations  which  have  given  rise  to  so  mmy 
researches.  ]But  notwithstanding  all  tl^  precautions  of  expen- 
n^enters  to  obtain  accuracy,  there  are  few  examnles  of  gref^ter 
disporda^ce  than  are  to  be  seen  in  the  results  wnich  they  .^ve 
pbtained*    The  following  are  some  of  them. 

Absolute  Dilatations  of  Mercury. 

Dalton 3^  I,avoisier  and  Laplace  •  •  •  J  j^ 

Lord  Charles  Cavendish  . .  ^3-    Haellstrom .V.*.'  A- 

Deluc 3V  Lalande  and  Delisle  ^ . . . .  ^.-^ 

General  Roy ^V    Casbois .'  ^^ 

shuckbur^. '...,: ^  .   ' "";  : 


The  greater  number  of  these  determinations  hav«  been  ci 
lated  by  adding  to  the  apparent  dilatation  of  mercury  m; 
the  iproper.  dilatation  of  this  last  substance.  And  as  >we  WjflCB 
long  uncertain  of  the  true  expansion  of  glass,  the  pregeding 
resuts  behoved  to  share  this  uncertainty. 

Deluc,  Casbois,  and  General  Roy,  endeavoured  to  gwnwMin 
direcdy  the  real  dilatation  of  mercury  by  the  inccease^  oi"  ibft 
barometrical  colunm,  occasioned  by  a  known  variatioii  xtf  teair 
perature.  The  results  obtained  in  this  way  are  very  inexact..  It 
ivoidd  be  easy  to  assign  the  reason  by  discussing  tbs  medLods 
employed  by  each  of  the  three  philosophers  whom  v^  btsim 
named.  But  it  would  be  requisite  to  enter  into  details  whicsh 
might  become  tiresome.  Besides,  the  experiments  to  which  mi 
allude  appiy  only  to  temperatures  below  100°,  and  it  i«  beymi^ 
that  point  that  we  require  particularly  to  know  the  real  dikltatioii 
of  mefcucy .  it  became  01  course  necessary  to  have  .Decoune  itm 
P0ir  metb>da..  The  one  which  we  shall  now  deserihe  appears^ 
us  susceptible  of  all  the  precision  that  can  be  desired.   .        •;.  j  >  > 

it  ttfiaomded  onthia  iikcontestible  law  of  hydrostatics,  thatnken 
two  colomns-of  a  Uquid  communicate  by  means  of  a  lateral  tub^^i 
the  vertical  heights  of  these  two  cojfumns  are  precisely  tbe.- 
^pversa  of  t})f9r  di^n^itiecj*    U  ikm  ikq  9oyl4  aa^fUM^^  e»^Rl|jf 
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-the  heights  of  two  colmmis  of  merctiiy  contained  in  the  two 
branches  of  a  reversed  glasa  syphon,  while  the  o^e  was  kept 
at  the  temperature  of  freezing  water,  and  the  other  raised  to  any 
<ietenmnate  known  temperature,  it  would  be  easy  to  deduce 
fixMn  this  the  dilatation  required. 

If  h  and  1^  denote  the  vertical  heights  of  the  two  colimms 
prodiicinff  equal  pressures,  at  the  temperatures  /  and.^,  we 
ought  to  nave  (calling  d  and  df  the  corresponding  densities) : 

But  d  and  d'  are  inversely  as  the  volumes  t  and  i/,  which  the 
same  mass  of  liquid  would  occupy  at  the  respective  temperatures 
I  and  if.    Hence  we  have 

From  which  we  deduce  for  the  mean  coefficient  of  the  dilatatioB 
between  f  ajod  tf^ 

Hence  the  whole  is  reduced  to  the  exact  measurement  of  the 
temperatures  and  of  the  heights  of  the  columns^  and  it  is  nee<fleas 
^to  say  that  we  obtain  in  this  way  the  absolute  dilatation  of  the 
liqiud;  since  the  form  of  the  vessels  producing  no  influence 
skjfon  the  pressure  of  the  liquids  <^ontained  in  then,  their  dilata- 
4ioo^  cannot  produce  any  enect. 

Boyle  first  pointed  out  the  use  which  might  be  made  of  this 
principle  for  comparing  the  density  of  liquids  with  each  other- 
Several  philosophers  have  thought  since  his  time  of  applying  it 
to  the  measurement  of  dilatations ;  and  it  is  probable  tlmt  Uiis 
wmy.  accurate  method  might  be  easily  appUed  at  low  tempera- 
toes.  But  when  we  wish  to  apply  it  at  temperatures  of  300^,  it 
hecoDMs  very  laborious. 

To  render  the  explanation  of  the  apparatus  which  we  employed 
nore  clear,  we  have  drawn  a  perspective  view  of  it  (Plate 
LKXXIX,  fig.  1),  in  which  only  the  essential  pieces  are  seeUi 
Ihe  resdainder  being  capable  of  being  easily  supplied. 

The  recurved  tube  which  contains  the  mercury  consists  of 
4he  tl^o  vertical  branches,  A  B  and  A^  B',  communicating  with 
each  pther  by  a  horizontal  tube,  B  B^,  caiefuUy  made,  and 
pceserving  ttf^ts  whole  extent  the  same  thickness  of  glass,  and 
Ihe  swxe  inside  diameter.  Care  was  taken  by  a  preliminary 
trial  to  asceitain  that  the  pressure  was  transmitted  without 
obstacle  from  one  of  the  columns  to -the  other  by  means  of  the 
horispntal  tube,  and  that  the  friction  of  the  mercury  against  its 
'ittuda  did  not  prevent  the  level  from  being  restored  when  the 
equilibrium  had  been  disturbed. 

fisch  of  the  vertical  branches  is  formed,  as  may  be  seco  in  the 
£gnre,  by  an  assemblage  of  two  tubes,  of  very  (ufferent  cahbre, 
4^me9ted  togeth^. .  By  giving  to  the  lower  tube  a  small  dia- 
jmetai^  ^^'  tat^vasm  4»f  mejnwy  is  much  disnnished  r^  v&di  Vr| 
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terminaliB^it  bj-  a  larger  tnbe^  we  avoid  the  error  of  ihe  ^meqiid 
capiHasy  ilction-  from  tiie-'difiiBiexit  temperature- -of -liie  two 
cohunitt.  *  ..-.-:   ,,.^ .  - 

-The  fatraontal  tube  H^s  (all  its  len^)  upoa  a  strong  iroir;bar, 
M  N/ in  the  form  of  a  T,  which  is  itself  Supported  very  fiimty 
by  its  three  feet  on  a  very  thick  wooden  table.  The  apper.*fitte 
of  the  bar  was  carefully  smoothed^  and  carries  two  levels  «l  ri^t 
angles  with  each  other,  which  are  regulated  bymeansof  sc^evH 
placed  at  the  four  comers  of  the  table. 

Near  each  of  the  vertical  tubes  rises  an  iron  bfur,  carrying  i^ 
■  ring  with  a  screw,  which  takes  hold  of  the  tube,  aind  Iceeps-it 
in  a  fixed  position.  (Not  to  overcharge  the  £gnre,  the -bar  im 
the  side  ot  the  tube,  A  B,  only  is  drawn.  It  terminatea^  a&is 
seen,  by  an  arch  of  iron,  the  pomt  of  which,  R,  is  intended  fcf  a 
mark.)  '     '     /'  '  .  '     '    ■    ;  ^.•- ' -v'-jjor- 

The  bent  tube  being  thus  completed  in  all  its  parts,  it  remaiacd 
to  place  the  apparatus  in  such  a  way  as  to  communicate  (to ididi 
of  thetwo  cmtuuns  the  requisite  temperature.    This  was^^^isii^ 


doiie  for  the  column,  A.  B,  which  was  to  be  kept  at  jbku 
surrounded  with  a  large  cylinder  of  tin  plate^  cement^ rat^Ttke 
bottom  round  the  iron  bar,  and  which  was  filled  witlft  pqaiddBd 
ice  to  the  height  of  the  mercury  in  the  tube.  There:  waS;'«  faotU 
window,  F,  m  this  cy Under,  which  was  opened  tadisengigb' a 
little  the  pieces  of  ice,  in  order  to  be  able. to  pevceive  thejrto^  of 
the  column  of  mercury  at  the  time  of  obserratioBL  /.iAteinUe 
thermometers-^  '  plunged  at  different  times  into  -  this  oQlKtaix)| 
showed  that  it  was  always  exactly  at  zero..  ;/  (mo  brrs 

-79ie  nart^of  the  apparatus,  which  was.  ta  contain  |lfeUA 
d^tinea  to  heat  the  column,  A^  B>  was  of  difiicult  'exndu^. 
A  box,  the  bottom  of  which  was  of  apiece  with  the  sides^TJcedkl 
not  have  •^answered,  because  it  could  not  have  admifctMitlhe 
eolumn,-  A^  B^.  It  was  requisite  likevinse  that  the  bar^  jMiST, 
should  traverse  this  box,  and  that  the  small  spaces  betweeo^e 
■bar  and  the  sides  of  the  box  should  be  filled  with  animpennealde 
lute.  To  satisfy  all  these  conditions,  we  got  a  ^ylinikf  /t)f 
copper;  whose  bottom  could  be  removed  at  ^easurew  It>telriiB- 
nateSt  above  in  an  edge,  on  which  the  cover  is  put.  •!£  has 
Kkewke  at  its  bottom  two  opposite  appendices,  R  R',  fi£^, 
havi|i^  each  the  form  of  a  horizontal  semibylinder,  in  the  inside 
of  whMch  passes  the  bar,  M  N.  An  exact  idea  of  it^miqfrjfce 
formed  by  ins{>ecti]:^  fig.  2,  which  represents  a  sectioiiL:  iQ£^ 
made  by  a  vertical  ulfme,  parallel  to  the  direc^onof  thesfe  a^psin 
dieesi  •  The  i<Orm  of  the  bottom  is  represented  in  fig.  3^  '■  oitvvrts 
luiited  1^  the!  sides  c^  the  box  by  a  great  number  oi  sted^sonvs 
forced' very  tighti^  'But  this  pressure  not  beinsr  ilufficitattoipee- 
veni  the^hqiu^  frojnniniiiBg  out,  thin  slips  of  cordjweieiirisor 
duoed'betii^»4hetwt>  metallic  sur&ces'.  -.  -^v.'jvsm 

Tike-  advantage^ of  the  appendices  is  to  alk(w:>us.:ta^Uti^-aii'^ 
poA^deraUe^  distance  fixw  the  fi^;    But  in  spite  of  tUs  prisctar 
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tioDy  1^e?ltifce  ^gets  iidt,'  and  would  at  lastbe  cktsiched,  tmless 
caie  wib«  taken  to  cool  it  perpetually  by  a  cfarrent  of  water.  ^ 

The  box  thus  constructed  was  solidly  iixed  on  a  'Anmace, 
supported  on  all' sides  by  iron  bars.  This  furnace^  in  die  fi^ire> 
jft  supposed  to  be  cut  in  two^  that  we  may  see  the  pieces  m  its 
iiifiid«« 

■'  We^hall  terminate  this  preliminary  description  by  saying,  that 
the  copper  cylinder  is  filled  with  a  fixed  oil,  which  is  gradually 
heated  till  it  reach  the  requisite  temperature.  Then  all  the 
mouths  of  the  furnace  are  shut;  the  neat  then  spreads  itself 
umfbrmly  through  the  whole  mass,  and  the  temperature  remains 
stationary  during  a  time  sufficient  to  take  all  the  requisite 
aoMLSures.  But  that  nothing  may  alter  the  exactness  of  these 
determinations^  it  is  necessary  that  the  copper  be  always  com- 
pletely filled  with  oil,  and  that  the  hot  column  of  mercury 
-terminate  at  a  very  small  height  above  the  cover.  We  easily 
ibl61  this  second  determination  by  adding,  or  withdrawing  t^ 
•tinona  of  a  sucker  (pipette),  the  requisite  quantity  of  mercury, 
csome  instants  before  the  observation.  As  to  ttie  first,  it  is 
jebtained  by  filling  the  vessel  with  oil,  when  cold,  and  by  putting 
M.'tlue  top  of  the  vessel,  a  tube,  L  Q,  whose  orifice,  Q^  is  on  a 
ik»nri  with  the  under  side  of  the  cover.  Through  this  tube  the 
BoS^kms  out  as  it  dilates. 

i '  (fjei.m  now  proceed  to  the  measurement  of  the  temperatuires, 
etadraf  ^e  heights  of  the  columns. 

tiafSke^  dli'hom  contains  two  thermometers,  the  one  mefcurial 
and  analogous  to  that  which  we  have  had  occasion  to  desctibe 
idfapfead^  and;  in  which  the  temperature  is  calculated  by  conipar- 
ing'tll«y  weight^of  the  mercury  which  has  made  its  escape 'fltlm 
Uhenii^thunent,  with  that  which  it  contains  at  zero.  Sucn  iii  Ae 
'MnlribilitT  of  that  which  we  employed,  that  an  increase  of  tem- 
..6eMtuTe  of  one  degree  made  about  one  decigramme  of  mercury 
^nteueout.  Its  reservoir,  D  E,  is  every  where  of  the  s^hie 
^Biametery  and  is  plunged  into  the  oil  to  the  same  deptli  as-  the 
.'jBokmniy  A^  B^.  Of  course,  it  gives  the  exact  mean  temperature 
af  the:  column. 

"^The  siBCond  is  an  air  thermometer^  whose  cylindrical  reser- 

VoiJr,  D'  IE/,  placed  like  that  of  the  preceding,  is  terminated  fey 

a  very  fine  tube,   E'  G'  IV,   curved  horizontally  bfeydnd  the 

:luniace;    This  tube  is  united  at  H",  with  a  vertical  tube,  a'  little 

'Jareer,  and  well  calibred,  which  is  plunged  into  thcmereurlal 

ifaa^'  K^v  ToTegulate  ^is  thermometer,  the  bath  wsA  in  the 

'fisst 'place  heated  neariy  to  the  boiling  point  of  the  oil,  while  the 

iatoeo^tyf  K>  of  the  tube  remained  open.    Wh^n  the  whole 

eoqoefii^-CBrjiir' had  been  driven  out  by  the  heat,  thd  orifice,  K% 

•was  pkiiigti<int<»  the  mercury,  and  by  the  coillingof  th^bfl,  the 

mercuiy  rose  gradually  in  the  tube*    It  iit^'hf)atb^Vintii^  the 

^tradiit  K)f>lh»  cohhnn,  lat  the  maximum  of  iensj^rsn^t^te^^  aiid  that 

pf;&e  faate'faaetoiv:  thal}.<the  augmentatiotl  €it^'*&L^^]S^ik^^^^ 
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air  is  ascertained^  whence^  by  a  very  sisiple  calculation^  the 
temperature  of  the  air  thermometer  is  deduced.  It  is  scarcely 
necessary  to  add,  that  the  tube  had  been  carefidly  dried,  and 
that  for  each  measurement  the  coiTection  arising  from  thd 
camUary- depression  was  made. 

The  mdications  of  this  thennometer  add  nothing  to  the  preci- 
sion of  those  furnished  by  the  mercurial  thermometer.  But  we 
took  that  opportunity  of  again  comparing  the  two  thermometers* 
The  results  deduced  from  this  comparison  entered  into  the 
determination  of  the  means  inserted  in  Table  I. 

It  remains  now  to  describe  the  kind  of  micrometer  which 
we  employed  to  measure  the  height  of  the  columns.  This  instru- 
ment (fig.  4)  is  composed  of  a  thick  copper  rule,  A  B,  akm 
which  moves  stiffly,  but  smoothly,  a  piece  of  copper,  M  N  P  R^ 
cairying  at  its  two  ends,  M  and  S,  two  rings,  m  which  a  mipr^ 
meter  telescope,  O  O^,  turns,  furnished  at  its  focus  with  « 
horizontal  wire.  From  the  telescope  is  suspended  a  veiy 
sensible  level,  the  graduated  tube  oi  which  serves  to  regulate 
the  optical  axis.  This  piece  of  copper,  M  N  P  R  S,  is  susc^^tibb 
of  two  movements,  one  very  rapid,  by  unscrewing  tha  lattfd 
screw,  C  ;  the  other  very  gentle,  by  turning  the  adjusting  sersw^ 
D.  The  whole  instrument  turns  round  a  vertical  axifi^>  wMcfa 
rests  upon  a  thick  triangular  plane  of  copper,  famished  wMi  a 
screw  at  each  of  its  summits. 

The  construction  of  this  instrument  enables  us,  as  is  evidsDt^ 
to  measure  the  difference  between  the  height  of  ima  cohAUBBf 
which  are  not  situated  in  the  same  vertical  It  is  necessary  for 
this,  after  having  directed  the  glass  to  one  of  the  points,  to  cause 
the  axis  to  turn,  in  order  to  bring  it  in  the  azimuth  of  the  other 
point.  It  is  then  raised  or  depressed  the  requisite  quantitjr, 
which  is  measured  on  a  scale  engraven  on  the  opposite  &oe  of 
the  rule,  A  B,  by  means  of  a  vernier  moved  by  the  piece^ 
M  N  P  R  S.  A  micrometer  screw  would  probably  have  bieen 
preferable  had  it  not  been  for  the  rapidity  which  our  experiments 
required.  The  vernisip  enabled  us  to  appreciate  the  50th  of  a 
millimetre,  a  degree  of  precision  which  we  thought  sufficient. 

To  give  to  this  instrument  all  the  requisite  exactness,  it  was 
necessary  that  the  smallest  difierences  between  the  two  heights 
should  be  appreciable  ;  and  that  in  the  passage  from  one  obser- 
vation to  another,  the  glass  should  preserve  its  horizon!  ality,  or 
at  least  that  we  should  be  able  to  appreciate  the  derangement 
The  first  of  these  conditions  was  satisfied  by  giving  the  telescop 
a  sufficiently  high  mamifying  power ;  and  as  for  Uie  second,  tne 
particular  care  with  which  the  micrometer  was  made,  the  solidilj 
of  the  support  on  which  it  rested,  and  which  was  independei^ 
of  the  rest  of  the  apparatus,.might  have  led  us  to  consider  it  as 
satisfied.  However,  we  measured  beforehand  for  the  distance 
at  which  the  telescope  pointed,  to  what  difference  of  height 
would  correspond  a  change  of  inclination  equal  to  one  disgiee' 


gf  the  le¥el.    Tht9  datum  was  isuffioietit  to  enable  us  to  camect 
tiie  obsen^atioQs  in,  which  the  leyel  nrfsui  deransod. 

Hie  processes  emplc^d  for  regulating  such  iostfumeats  «re 
too  well  ji^pwzi  to  require  any  detuls  here.  It  is  known  that  by 
the  requisite  turnings  of  the  telescope,  both  upon  itself  and  on 
its  rings,  and  by  OMervations  in  the  dijfterent  aziiuuths  in  which 
it  may  be  plajcedy  by  turning  the  axis  of  the  instrument,  we  have 
it  in  our  power  to  render  that  axis  vertical,  and  the  optical  axis 
9f  the  telescope  horizontal. 

Let  us  return  now  to  the  apparatus  of  the  dilatation*  Hie 
micrometer  was  placed  upon  a  marble  plane,  T,  supported  by 
mason  work.  Tne  axis  of  the  instrument  was  at  an  equal  dist- 
ftnoe  from  the  e^itres  of  the  tubes,  A  B  and  A^  B^,  and  Uie  point, 
IL  Hence  we  could  measure  immediately  the  exeess  of  the 
h^g^t  of  this  point  above  the  summits  of  the  columns  of  laer* 
imy  $  ihat  is  to  say,  the  heights  r  —  4  and  r  -^  h%  eaJliii^  r 
4bp  fdiMBolute  height  of  R.  To  be  certain  that  the  refiaetion 
iWBQap  the  tubes  produced  no  deviation  in  the  vertical  directixHiy 
.  W  placed  artificial  horizons  in  the  centre  of  each,  on  which  we 
AffMSted^ur  telescope,  and  we  ascertained  that  the  coincidence 
(9f  th^vire  was  not  altered  whether- we  raised  or  turned  the  tube. 

Nothing  further  remained  than  to  ascertain  r.  But  this 
lieight  remained  constant  in  all  the  experiments,  since  the  bar 
supporting  the  arch,  R,  was  always  surrounded  with  ice.  To 
umuiU]^  it,  a  vertical  graduated  rule  was  employed>  the  zero  of 
wladi  was  placed  iq>Qn  the  iron  bar,  M  N.  This  rule,  constructed 
finr  another  purpose  with  very  great  care,  gave  the  height  within 
the  tenth  of  a  milUmetre.  fiut  the  heights  measured  above  the 
bar^  M  N,  are  too  great ;  for  A,  h\  and  r,  ought  to  be  reckoned 
from  thef  axis  of  the  horizontal  tube.  Hence  from  the  height 
given  by  &q  rule,  we  must  subtract  half  the  total  thickness  of 
the  tube. 

To  enable  the  reader  to  judge  of  the  accuracy  to  wliich  these 
different  operations  lead,  let  us  state  one  of  the  measures  taken 
at  iOO^.  The  height  of  the  arch,  R,  above  the  axis  of  the  hori- 
zontal tube  was  0*68520  metre,  the  heights  r  —  A,  r  —  h%  were 
respectively  0-03855  and  0-02875 ;  therefore  A  =  0-54396, 
and  1/  -^  h  ^  0-00980.  And  consequently  the  mean  coefficient 
of  the  absolute,  dilatation  of  mercury  between  0^  and  100°  ss 
rhr'  ^^  see  by  this,  that  aiii  error  of  two  or  three  tenths  of  a 
iQiUimetre  jon  the  measure  of  r  would  produce  only  an  uncer- 
tainty of  two  or  three  unities  in  the  denominator  of  the  preceding 
imction.  Thus  by  a  particular  effect  of  the  disposition  of  our 
apparatus,  those  measures  susceptible  of  the  least  precision  can 
only  occasion  errors  that  may  be  entirely  overlooked.  Supposing 
tbat-even  the  iron  bar  were  a  little  deranged  by  the  efiect  of  the 
five  (though  we  always  took  care  to  make  it  horizontal  by  means 
of  the  levels)^  it  would  produce  but  very  httle  effect  upon  the 
@aal  result,  .     . 


i 
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In  diis  respect  our  apparatue  is  greatly  superior  to  those 
employed  to  detennine  .toe  dilatation  of  solids.  Id  them  tie 
smallest  derangement  of  tlSe  fixed  point  during  the  long  duration 
of  the  experiment,  does  not  merely  affect  the  total  length  of  the 
rule ;  the  dilatation  itself  ia  augmented  or  diminished,  ivhidi 
occasions  the  ihost  Serious  errors.  We  see,  on  the  contrary, 
that  when,  in  our  experiments,  the  heights,  /*  and  k',  are  affected 
by  the  cause  of  .which  we  spoke,  the  difference  h  ~  h'  whidi 
measures  the  dilatation  is  not  so.  For  it  ia  absurd  to  suppoie 
that  the .  instrument  becomes  deranged  during  the  very  snijit 
interral  which  elapses  between  the  successive  observation  of  tfje 
hot  and  cold  column. 

We  have  collected  in  the  following  table  the  mean  resiiHs  of 
a  great  number  of  observations  made  in  tlie  way  just  described. 
The  first  cdnmn  contdns  the  temperatures  such  as  they  an 
'  deduced  ih)in  the  dil&tation  of  air ;  the  second  contains  the  mean 
■aWdotedilatationBofmercurybetweeQ  freezing  water  Eiad  each  of 
the  temperatures  indicated  in  the  first  column ;  the  third  column 
eihibits  the  temperatures  which  we  should  obtain,  on  the  simpo- 
sition.that  the  dilatation  of  mercurv  is  uiufonu,  or,  in  other  y/ardi, 
those  which  should  be  indicated  by  a  thermometer  foi:;n)ei^  of 
that  fluid  inclosed  in  a  vessel,  whose  expansion  foUowid^^e 
samelaw  as  its  own. 

TABLE  H.  ■;  ,':j"., 

rniDi  lb«  dilaUllon  „;__._»  ■  ">'  dilatallooi  vf  ^rsi 

ofilf.  orMMTcnry.  .opppted  ni,ir6rit,'.>^j" 

<f 0     o-cto*"i':'* 

lOO     ..■ ttW     10()-(K) 


204-61'  "■ 


(To  be  conlintied.) 


*  £acb  of  the  multi  contaiaed  in  tUj  coIibii  Icthemran  of  a  greu  miiaMr'af 

■nircf,  which  It  would  bsTebcea  too  leillotu  ta  bavi' glvra  in  detail:  wcMI 

•alh^ooTMlTn  wilkflviDg  theeiUnne  values  for  tacli  of  the  lltroe  tcaipsiB(«ia. 

Mailvnin.  Minimum. 
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Defence  of  Dr.  Murray^s  New  Theory  of  A^i^. 
By  John  Murray,  M.D.  F.R.S.  Edin. 

(To  Dr.  Thomson.) 

SIR,  SSOnbwgh,  Jhe.  8,  1818. 

In  the  account  which  you  give  in  your  number  for  Dec.  of  the 
putual  action  of  sulphurous  acid  ana  sulphuretted  hydrogen,  and 
b  i¥hich  an  important  experimental  result  is  established,  you 
emark  of  the  compound  which  you  find  to  be  formed  of  these 
;^o  gases,  that  though  containing  both  oxygen  a^d  hydrogen, 
jblited  to  a  combustible  base,  it  possesses  the  properties  of 
atidity  in  a  very  weak  degree,  and  you  consider  this  as  affoffling 
a  proof  that  my  notion  of  the  ^eatest  degree  of  acidity  beinjg 
^yen  to  bodies  by  the  joint  umon  of  oxygen  and  hydroeen  is 
Sbt  Countenanced  by  chemical  facts,  nor  consistent  wiu  the 
ifiitShom^na  of  the  Science. 

^^trii^^in&c  to  engage  in  controversial  discussion,  I  should  not 
MDBaDfy..nave  aSuded  to  the  subject,  with  the  view  merel}^  of 
ubviStSi^'an  objection.    But  the  fact  becomes  more  interesting 
when  it  affords,  as  I  am  led  to  beUeve  it  does,  an  ikhportant 
illustration  and  confirmation  of  the  truth  of  my  opinion. 
■^  %^^^ed^6jrt^a4  at  the  close  of  last  session  before' the  Ro^al 
!!^ie^.pjt;£dint)urgh,  on  the  Relation  of  the  Law  of  Di^fiinite 
Propoij^^ijis  to  the  Constitution  of  Acids,  and  which  I  have 
pubushj^^  lately  as  an  appendix  to  the  new  edition  of  my  System 
of  Cheipii&iiry:,  I  had  given  the  example  of  sulphuric  acid  (oil  of 
vitriol)  as  fiiSbrding  an  argument  in  support  of  my  views.     It  is 
composed* of  100  of  sulphur  with  150  of  oxygen,  and  66*7  of 
comoined  water ;  that  is,  of  100  of  sulphur  with  200  of  oxygen, 
and  6*7  of  hydrogen.     Sulphurous  acid  is  a  compound  of  lOO  of 
.jsidphur  with  100  of  oxygen,    'ilie  proportion  of  200  of  oi^gen, 
it^reFore>  in  sulphuric  acid  is  the  regular  multiple  conformable  to 
ihe'tisufid;  law.    The  proportion  of  hydrogen  is  that  which  consti- 
tutes Stulphuretted  hydrogen.    It  appears,  therefore,  I  remark, 
that  the  proportions  of  both  these  elements  are  determined  by 
their  relation  to  the  sulphur  as  the  radical  of  the  acid,  and  are 
those  which  the  quantity  of  sulphur  would  separately  require* 
This,  so  far  as  theory  can  discover,  is  not  a  necessary  result. 
The  oxygen  and  hydrogen  might  each  have  required  the  quantity 
of  sulphur  with  wliich  they  combine  ;  that  is,  the  existing  rela- 
tions might  have  been  those  of  sulphur  to  oxygen,  and  sulphur 
to  hydrogen,  in  their  several  proportions.     It  is  otherwise  ;  tnere 
is  the  relation  of  sulphur  to  oxygen,  and  in  addition  to  this  of 
hydrogen  to  the   same  sulphur.     And  thus,   since  the   same 
quantity  of  sulphur  receives  the  acidifying  influence  of  both 
elements,  we  discover  the  source  of  the  higher  degree  o^  ^^A 


power.  How  water  should  augment  acidity,  no  principfe  enables 
us  to  conjecture*  But  how  tne  joint  operation  of  two  elements 
acting  on  the  same  quantity  of  radical,  which  each  of  them 
separately  is  capable  of  leMering  aeid^  should  adgtuent  the 
enect,  is  easily  perceiyed.  And  eve»  from  thi9  consideration 
alone,  there  can  remain  little  hesitation  in  admitting  the  condih 
sion,  that  both  these  elements  act  directly  on  the  sulphur ;  in 
other  words,  that  the  three  are  in  simultaneous  combinatioin. 

The  fact  ^ou  have  discovered  is  precisely  that  which  I  had  Uma 
dbaenred  might  possibly  exist,  and  the  conclusion  from  whidt 
was  anticipated  by  the  theory.  One  portion  of  the  sulphur  is  ia^ 
that  relation  to  the  oxygen  which  constitutes  sulphurous  adc^ 
and  anot/KT portion  ofsufyhur  is  in  that  relation  to  &e  hydrogea 
which  constitutes  sulphuretted  hydrogen.  No  augmentation  of 
dckBty,  therefore,  is  to  be  expected ;  but,  on  the  contrary,  from^ 
the  reciprocal  action  of  the  oxygen  and  hydrogen,  rather  a  dimi- 
nution below  tiie  mean  acid  power  which  is  displayed  in  the-twtr 
JMAary  compounds. 

Without,  I  trust,  indulging  any  undue  confidence,  I  cannot 
but  think  that  chemists  wiU  perceive  the  faUacy  of  the  opinion 
tiiat  the  acids  contain  combined  water,  and  the  much  grea^ 
probability  of  the  opinion  that  the  elements  rather  of  this  watdr 
Insist  in  the  combiiuttion,  and  from  their  acidifying  inflcreiiccf^ 
produce  the  important  effects,  which,  without  any  principle,  dad 
m  opposition  to  all  analogy,  are  ascribed  to  water  itselfl  '  Hie 
constitutiosi  of  the  yeget2U>le  acids,  in  all  of  which  catbbn  m^. 
be  regarded  as  the  radical,  acidified  by  different  proportions  of 
oxygen  smd  hydrogen,  affords  even  a  better  illustration  bother 
opinion  than  me  compounds  of  sulphur;  and  the  view  which  f 
have  given  of  them,  conformable  to  this  in  the  same:  ps^Qiry 
removes,  if  I  am  not  mistaken,  some  of  the  difficulties  wfaicw 
attend  the  subject,  and  which  you  have  noticed  in  another  papery" 
on  the  weights  of  the  atoms  of  bodies,  in  the  same  itamfoer  09 
your  Journal.        With  much  respect,  I  remain.  Sir, 

Your  n\08t  obedient  servant, 

J.  MURKAT. 


Article  VI  I. 

Lettef  of  M.  Beudant  to  M.  Arago  on  the  Subject  of  Dr.  Wolhs* 
torCs  Memoir y  inserted  in  the  Annals  of  Philosophy ,  xi.  283»* 

•  ■  ■ 

SIR» 

I  BAVB  read  with  great  interest  in  the  number  of  the  Anrath 
^  Fhilosophtf  for  April,  which  you  were  so  good  as  to  send'  me, 
1^  paper  by  Dr.  WoUaston  on  my  memoir,  entitled  **  On  t!hl^ 

•  Translated  from  tfie  Aon.  d«  Ghioi,  et  Ph;»»  ^ii.  399: 
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relative  Ixflportance  of  Crystalline  Forms  and  Chemical  Composi- 
tion in  the  Classification  of  Mineral  Species.''  I  regret  very 
much  that  I  have  received  it  just  the  evening  before  my  depar- 
ture for  a  long  journey^  and. that  this  circumstance  prevents  me 
from  entering  into  some  new  details  which  are  due  to  the  high 
consideration  in  which  I  hold  the  celebrated  philosopher  who  muf 
taken  the  trouble  to  repeat  my  experiments.  But  though 
obliged  to  write  in  haste^  I  request  you  to  accept  of  a  few 
observations  which  the  reading  of  his  note  has  suggested  to  me^ 

I  find  in  Dr.  Wollaston's  letter  three  points  in  which  he  has 
given  an  opinion  different  from  that  which  I  have  advanced  in 
my  memoir. 

J .  He  affirms  that  the  primitive  form  of  sulphate  of  iron  is  not 
a  rhomboedron,  but  an  oohque  prism  with  a  rhomboidal  base. 
He  founds  his  opinion  on  theoretical  considerations.  **  On 
examining/'  saj^s  he^  **  the  modifications  it  assumes  in  its  less* 
simple  state^  I  have  remarked  a  manifest  difference  in  one 
direction  of  the  crystal,  proving  that  if  the  angular  measures 
were  really  equal,  still  the  solid  could  not  be  considered  as  a 
riiomboid  ;  but  must  be  viewed  as  a  rhombic  prism  on  account 
of  some  difference  in  its  linear  dimensions."  He  then  found  by 
direct  measurement  that  the  angles  are  unequal. 

I  cannot  admit  the  first  part  of  this  statement.  It  appears  to* 
me.  tEat  if  the  angles  are  equals  the  sohd  is  rigorously  a  rhomboid^ 
whatever  its  extent  may  be  in  one  direction  or  another. 

4s  ta  the  second  part,  the  difference  of  the  angles  which  Dr*^ 
Wblla^ton  announces,  cannot,  as  he  himself  observes,  in  the 
feaiBt  diminish  the  accuracy  of  my  results,  which  he  has  in  other 
rejects  found  exact,  and  from  which  he  draws  the  same  conse- 
quences as  I  do.  I  may,  therefore,  admit  the  primitive  form  of 
suljphate  of  iron  to  be  as  he  conceives  it.  But  as  the  question  is 
respecting  one  of  the  essential  characters  of  this  salt,  I  think  it 
better  to  enter  into  a  short  discussion  respecting  it. 

I  have  not  time  to  verify  the  inequahty  of  the  angles  with  all 
ihe  care  which  this  discussion  demands.  But  such  measures  as 
I  have  just  taken  with  the  common  goniometer  give  me  results 
sensibly  equal ;  and  certainly  I  could  not,  with  this  instrument, 
commit  an  error  of  two  decrees,  as  would  result  from  the  obser- 
vations of  Dr.  Wollaston.  But  I  shall  confine  myself  here  to 
theoretic  considerations,  which  are  much  more  important  than 
direct  measures.  In  fact  it  is  not  by  measures,  the  accuracy  of 
of  which  depends  upon  the  perfection  of  our  instruments,  that 
we  are  entitled  to  pronounce  that  the  crystalline  system  of  a 
body  belongs  to  a  rhomboid  or  a  prism ;  but  by  the  degree  of 
symmetry  which  exists  in  all  the  faces,  whether  primary  or 
secoridkry,  which  the  Crystals  of  the  body  presents.  But  in  the 
aulghate.of  iron,  we  see  all  the  modifications  of  which  the  crys- 
are  susceptible,   equally  placed  two  arid  two,  three  and 
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three,  or  six  and  six,  m  relation  to  the  same  line,  which  |mies 
through  two  solid  opposite  ang^.  This  iqppeaia  to  ine 
constant,  both  in  all  the  crystals  which  I  have  mysdf  o1 ' " 
or  in  those  which  our  manufactories  of  this  salt  daily  f  ,. 
The  figures  which  M.  Haiiy  has  ^ven  of  this  salt  (pbte  isYmn 
perfectly  accurate,  and  it  is  sufficient  to  cast  the  eye  onilimto 
see  that  the  faces  marked  n,  o,  s,  r,  2,  are  all  arranged  relative 
to  an  axis  which  joins  the  two  soUd  acute  angles^  This  axis, 
therefore,  indicates  a  pyramidal  system  of  crystallization  (if  the 
expression  be  allowable),  and  which,  therefore,  is  quite  foreign 
to  a  system  of  an  oblique  prism.  When  this  last  system  of 
cn^taluzation  exists,  the  symmetry  of  the  modifications  is  quite 
difierent.  The  faces  which  modify  the  prevaiUng  form  are  never 
arranged  relatively  to  an  axis  passing  through  two  ojmosite  scdid 
angles,  and  of  course  the  edges,  or  angles,  on  which  taese  modi^ 
fications  take  place,  have  not  that  symmetry  which  a  rh<miboid 
presents. 

The  expression  linear  dimensions,  which  Dr.  WoDaston 
employs,  seems  to  indicate  that  he  has  taken  into  conaideratioa 
the  relative  dimensions  which  the  edges  of  the  crystals  obtained, 
present.  This  I  recognize  in  a  subsequent  part  of  the  letter, 
when  he  mentions  an  experiment  quite  similar  to  one  of  those 
which  I  gave  in  the  last  memoir  that  I  presented  to  the  Academy 
of  Sciences  (Recherches  sur  les  Causes  qui  font  vmner  k^ 
Formes  Crystallines  d'une  meme  Substance  Minerale),  in  wtadL 
he  obtained,  as  I  did,  very  elongated  sulphate  of  iron  Buxed 
v^ith  copper.  He  says  on  this  subject,  "  the  prismatic  firm  is  so 
elongatea  that  it  shows  evidently  that  it  is  not  a  rhomboid.^ 

I  cannot  by  any  means  a^ree  to  this  opinion.  A  rhomboid 
may  be  elongatea  in  one  direction ;  it  then  exhibits  a  kind  of 
oblique  prism  with  a  rhomboidal  base.  But  though  the  edges 
are  unequal  in  their  dimensions,  the  rhomboidal  cuaraGter  dSes 
not  exist  the  less ;  but  is  recognized  in  the  synunetiy  of  Ihe 
modifications.  In  fact,  I  obtain  at  pleasure  these  same  crystak, 
elongated,  and  modified  by  additional  faces ;  and  I  recognize 
obviously  that  all  these  faces  are  placed  symmetrically  with 
respect  to  one  axis. — a  character  which  accurately  charac^rizes 
the  rhomboidal  system. 

2.  Dr.  WoUastom  seems  to  think  that  I  consider  the  crystab 
which  I  obtained  as  mechanical  mixtures  of  different  other  salts, 
in  a  manner  analogous  to  tlie  gres  de  Fontainebleau.  I  never 
entertained  any  such  idea ;  and  one  of  the  notes  attached  to  my 
memoir  shows  this  sufficiently.  I  think  likewise  that  we  may 
regard  these  associations  as  combinations ;  but  since  th«y  t^e 
place  in  variable  proportions,  it  was  necessary  to  distinguish,  them 
irom  combinations  in  definite  proportions.  This  was  the  reason 
why  I  adopted  the  expression  chemical  mixture. 

3.  Dr.  Wollaston  mentions  experiments  in  which  he  dissolved 
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tog^di^  Bulph^  of  copper  aad  &ulphate  of  sinc^  both  quite 
.  free  from  iiy)Q ;  and  he  saya  that  he  obtained  crystals  which  had 
.  tfafi  form,  of  aulphate  of  iron. 

'ThQ.  analosouB  experiments  which  I  had  made^  and  of  which 
-^ }  httVeiJbreaay  givoi  an  idea  in  my  memoir,  proved  to  me  that 
the  crystals,  similar  to  those  of  sulphate  of  iron,  contain  all  of 
them  traces  of  this  last  salt ;  and  i  am  tempted  to  beUeve  that 
those  obtained  by  Dr.  Wollaston  contained  it  hkewise.  But  to 
dilKioyer  it,  we  .muist  analyze  a  considerable  quantity  of  these 
crystals.  When  I  employed  sulphate  of  zinc  and  sulphate  of 
copper^  prepared  with  the  greatest  care,  and  which,  when  exa- 
mined in  considerable  quantities,  gave  no  trace  of  sulphate  of 
irony  I  never  obtainekl  any  thing  else  than  crystals  of  sulphate  of 
copper  or  sulphate  of  zinc. 

After  having  thus  stated  the  opinions  which  I  think  should  be 

adopted,  and  after  having  given  precision  to  those  that  I  formerly 

advanced,  I  will  add  that  1  perfectly  agree  with  Dr.  Wollaston 

-  idaitib^  to  the  form'of  sulphate  of  nickel.    It  is  certainly  a  sym- 

•^xustncmk-  octahedron  witn   a  rectangular  base ;   or,  if  that  is 

.Ipre&xi^y  aright  prism  with  a  rectangular  base.    The  crystals 

tiiduiDh'.-Mv  Haiiy  examined  were  called  sulphate  of  nickel  by 

^ffjithtmao^  who,  in  this  point  as  well  as  in  others,  has  not  examined 

'HiejreSulti  with  sufficient  care.  His  crystals  undoubtedly  belong 

•jjto  dfeBtdonble  sulphate  of  potash  and  nickel :  their  primitive  form 

(tjiienfoblique  rhomboidal  prism.    This  is  demonstrated  by  the 

^  fectioniar  symmetiy  which  the  different  crystalline  forms  of  this 

r^aaltrnr^sent,  of  which  I  have  obtained  several  very  beautiful. 

Tnedbeervation  which  terminates  Dr.  Wollaston's  letter,  in 

rwfaisiiili^.  describes  crystals  of  sulphate  of  nickel  in  small  octa- 

Uadit>as^^  cemented  by  the  double  sulphate  of  nickel  and  potash, 

*ttipeaiH  to  me  of  the  greatest  importance  for  the  theory  of  the 

^r^mixturss  of  different  salts  with  the  preservation  of  the  form  of 

^fibne*  of  them.    It  agrees  perfectly  with  all  the  ideas  suggested  to 

laievhy  tilie  numerous  experiments  which  I  have  made  on  the 

')^iR4geot. 

i!:v-  1  fiiriah  by  testifying  to  Dr.  Wollaston  how  much  I  am  flat- 
"tered  that  my  experiments  drew  his  attention.  I  am  anxious 
that  the  new  experiments,  which  I  have  just  presented  to  the 
AcjEidemy,  may  likewise  merit  it ;  and  that  he  will  have  the 
Sdodness  to  enlighten  by  his  observations  the  new  route  which  I 
nave  endeavoured  to  traverse.  I  am,  8cc. 
,    *   f  jf  F.  F.  Beudant. 


VoL.XIILJ^^//.  r 


ISO 


Mr.  Holt's  MeteorologKid  Joumal. 


tF 


Article  VIIL 

Meteorological  Observations  made  at  Cork.    By  T.  HolL  Esq. 

(Witha  Plate.    See  XC.) 

(To  Dr.  Thomson.) 

SIR»  CtHt,  OtL  IS,  181S. 

1  TRANSMIT  you  the  meteondc^ical  report  for  the  third 
[uarter  of  1818;  and  remam,  with  doe  rsapect.  Sir, 

Your  obedient  humble  servant, 

Thomas  Holt. 
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JULY. 

Cloudy  dAj  ;  light  fhowen. 

Doll,  dry  day. 

Closdy     waonlagi    krigkt    day; 

cloady  eYening. 
5.  Brigbtdayt;  fresh  breeze. 
Fair,  hot  cloudy. 
Rainy  moroing ;  fine  day. 
Fine,  bright  day. 
Showery  morning    and    evening; 

fair  day. 
11,  12.  Fair,  bat  cloudy. 
14.  Bright,  hot  days. 
P^'IfSy  momiug ;  bright  day. 
Bright  day ;  cToody  evening. 
Cloudy,  close  day. 
Bright  morning  ;  thunder  and  ligbu 

ning,  with  heavy  rain  at  noon; 

showery  evening. 
Cool,  cloudy  day ;  breeze. 
Light  showers  through  the  day. 
1*1  DC  day. 

Misty  and  showery  day. 
Bright  day. 
Light    rain    last     night;     heavy 

sliowersthis  day. 
Rainy  morning ;  fair  from  noon. 
Mild  day ;  light  showers. 
Bright  day. 

Showery  morning ;  rainy  day. 
Rain  last  night ;  cloudy  day. 
Cloudy  day,  with  showers;  rainy 

evening. 
Showery  morning ;  fine  day. 

AUGUST* 
Cloudy,  dry  day. 
Ditto  gale. 

Rain  last  night,  and  misty  day. 
Dry,  cloudy  day. 
Ditto,  rainy  evening. 
7.  Ditto. 

Ditto  rain  last  night. 
Rain  last  night ;  bright  day. 
Clear,  bright  day. 


11.  Clottdy,  ine  day. 

18,  IS,  14, 15.  Clear,  fine  days. 

16.  Clottdy,  dry  day. 

17.  Bright  day. 

18.  Ditto,  showers. 
19,80,21,88,23.  Cloudy;  breeze. 
24.  Light  thowen;  cloudy. 
25,26.  Ditto,  ditto;  breeze. 

27.  Rain  last  night;  ihowerymoroinc: 

dry  day.  ^' 

28.  Cloady;  light  showers  at  night. 

29.  Cloady  day  ;  rainy  evening. 

30.  Bright  day.  ^ 

31.  Dry  day ;  rainy  evening. 

SEPTEMBER. 

1.  Rain  last  night;  fine  day;  lainj 

evening;  gale. 

2.  Bright  day;  gale. 

3.  Rainy  morning  and  showery  day. 
4, 5, 6*  Showery. 

7,  a.  Showery  days ;  frosty  nights. 
9, 10,  11,  12.  Bright  day;  breeze. 

13.  Misty  till  noon ;  then  cloudy. 

14.  Rain  last  night;  fine  day;  rainy 

evening. 

15.  Ditto;  cloudy  day;  rainy  evening. 

16.  Fine  day;  a  few  light  showers. 

17.  Bright  day. 

18.  Fine  day ;  occasional  showers ;  gale 

at  night* 

19.  Rainy  morning;  dry,  cloudy  day 

20.  Fine  day.  "^ 

21.  Rain,  with  high  wind. 

22.  Fine;  occasional  showers ;  thunder 

and  lightning,  with  rain  at  nigbt. 

23.  Violent    rain,    with     heavy    gale 

through  last  night;  and  several 
heavy  showers  this  day. 

24.  Showery  day  ;  calm. 

25.  Fair;  breeze. 

26.  Showery ;  calra. 
27,28.  Rain  night  and  day. 

29.  Dry,  cloudy  day  ;  breeze. 

30.  Rainy  day. 
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On  the  Formation  of  the  Rainbow.    By  Robert  Watt|  M.Da 

(To  Professor  Thomson.) 

DEAR  SIR,  Olatgowt  Nov.  4»  1818. 

About  fifteen  years  ago  I  was  engaged  in  a  variety  of 
searches  respecting  the  nature  of  Ught  and  heat,  which  led  me 
pay  particular  attention  to  what  have  been  called  the  primitive 
lours,  and  more  especially  as  they  appear  in  the  rainbow.  Fot 
time  I  was'  satisfied  with  the  Newtonian  theory,  and  of  course 
my  views  were  bounded  by  that  hypothesis.  The  first  thing 
iieu  tended  to  stagger  my  belief  in  it  was  that  I  could,  in  few 
stances,  satisfy  myself  that  there  were  really  drops  of  rain 
ling  at  the  place  where  the  rainbow  appeared.  A  rainbow 
18  often  seen  in  a  direction  in  which  for  many  miles  not  a  drop 
rain  had  fallen.  It  occurred  to  me,  therefore,  that  to  make 
J  Newtonian  theory  complete,  the  existence  of  drops  of  rain 
)uld  first  of  all  have  been  demonstrated. 
(Without  troubling  you  with  my  doubts  and  difficulties,  I  shall 
)rtly  state  what  gave  me  an  entire  new  view  of  the  subject* 
le  day,  I  think  in  1805,  wiiile  I  was  observing  a  very  vivid 
abow,  I  happened  to  turn  my  eyes  towards  the  sun,  and 
(erved  that  he  ^as  passing  along  the  lower  edge  oi  %  ^ott  ol 

i2 
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•emitransparent  cloud.  I  could  distinctly  see  his  boundaries  on 
the  lower  side  ;  but  the  cloud  becoming  more  and  more  dense, 
the  upper  part  of  his  disk  was  scarcely  visible.  Matters  remain- 
ing in  this  situation  for  some  minutes,  I  had  time  to  make 
repeated  observations  on  the  sun,  the  cloud  through  the  edg[e  of 
wnich  he  was  shining,  the  dark  sky  in  the  east,  and  the  variaSons 
in  the  rainbow.  The  cloud  passed  slowly  to  the  north,  and  the 
sun  appeared  in  all  his  splendour.  At  this  instant  the  rainbow 
disappeared,  though  I  could  perceive  no  difference  whatever  in 
the  dark  sky  on  which  it  had  so  lately  been  seen. 

The  coincidence  of  the  sun's  emerging  from  under  the  cloud, 
and  the  disappearance  of  the  rainbow,  struck  me  as  remarkable, 
and  led  me  to  conclude  that  probably  there  was  some  connexion 
between  them.  Can  this  cloud  have  acted  as  a  prism  in  refract- 
ing the  rays  ?  Perhaps  the  dark  sky  on  which  the  rainbow  was 
seen,  served  no  other  purpose  but  a  curtain  to  receive  the 
spectrum.  Full  of  this  iaea,  I  waited  with  great  impatience  tUl 
1  had  an  opportunity  of  seeing  another  rainbow.  When  tiiis 
occurred,  it  convinced  me  still  more  of  the  correctness  of  my 
hypothesis.  The  moment  I  saw  the  rainbow,  I  turned  round, 
and  saw  a  cloud  between  me  and  the  sun,  and  the  sun  shining 
through  its  lower  edge  as  before;  The  lower  edge  of  the  cloua 
being  somewhat  uneven,  at  times  more  of  the  sun's  disc  was 
covered  than  at  others,  and  corresponding  variations  always  took 
place  in  the  appearance  of  the  rainbow.    At  one  pretty  large 

f;ap  the  sun  shone  forth  unclouded,^and  the  rainbow  disappeared. 
n  a  minute  or  two  he  was  partially  covered,  and  the  rainbow 
again  made  its  appearance.  At  last  the  cloud  passed  wholly  off, 
and  the  rainbow  was  seen  no  more.  Though  from  this  time  I 
considered  my  hypothesis  as  in  a  great  measure  established,  I 
missed  ho  opportunity  of  looking  for  such  a  cloud  as  often  as  I 
have  seen  a  rainbow,  and  I  have  never  in  one  instance  seen  the 
one  without  finding  the  other. 

I  cannot  say  what  are  all  the  conditions  necessary  to  produce 
a  rainbow;  but  the  following  are  so  constant,  that  I  will  venture 
to  predict  a  rainbow  is  never  seen  without  them — the  sun  shin- 
ing through  the  edge  of  a  cloud,  and  a  dark  sky  in  the  opposite 
direction  to  receive  the  spectrum.  Without  the  least  visible 
chanee  in  the  sun  or  in  the  curtain,  all  the  changes  in  the  rainbow 
may  be  foreseen  and  foretold  by  marking  the  motions  of  the 
intervening  cloud.  My  attention  was  recalled  to  this  subject  by 
a  friend  telling  me  a  few  days  ago  that  he  had  lately  seen  a  most 
striking  proof  of  my  theory  of  the  rainbow,  A  rainbow 
appeared  and  disappeared  repeatedly  as  the  sun  was  more  or 
less  covered  by  the  edge  of  a  cloud.  1  had  myself  an  opportunity, 
within  these^two  weeks,  of  witnessing  the  same  thing  at  sea. 
By  observing  for  a  short  time  the  motion  of  the  cloud,  I  predicted 
to  those  around  me  that  the  rainbow,  which  had  continued  for 
several  minutes,  and  was  still  as  bright  as  ever,  would  not  be 
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Been  aboy«  two  minutes  longer,  which  was  the  case.  The  sua 
passed  rapidly  from  mxder  the  cloud,  and  the  rainbow  as  instantly 
disappeared. 

As  the  above  hypothesis  is  new,  at  least  so  far  as  I  know,, 
and  as  numerous  opportunities  must  occur  to  almost  every 
person  of  judging  how  far  I  am  ri^ht  or  wrong,  I  shall  thank  you 
to  give  it  a  place  in  your  publication.     I  am,  dear  Sir, 

Your  most  obedient  servant, 

Robert  Watt,  M.D. 


■p"*» 


Article  X. 

Analyses  qf  BookS;. 

Memoirs  of  the  Wernerian  Natural  History  Society.     VoL  JL 
Part  11.   For  the  Years  1814,  1816,  1816. 

{Continutdfromp,^,) 

VIII.  An  Account  of  several  new  ai^  rare  Species  of  Fishes^ 
taken  on  the  South  Coasi  of  Devonshire,  with  some  Remarks  upon 
some  others  of  more  common  Occurrence.  By  George  Montagu, 
Esq.  F.L.S.  and  M.W.S. 

CoL  Mpntagu  found  that  the  female  of  the  raia  clavata,  or 
jfchornback,  has  blunt  teeth,  and  possesses  the  other  characters 
usually  given  to  this  species  by  systematic  writers.  But  the 
male  raia  clavata  has  sharp  pointed  teeth  smaller  than  those  of 
the  female.  The  hooked  spines  are  peculiar  to  the  male.  Hence 
our  author  conceives  that  the  male  of  the  raia  clavata  has  been 
described  as  a  distinct  species  under  the  name  of  raiafuUonica. 
The  raia  rubuSy  or  rough  ray,  he  th^iks,  is  another  vanety  of  tl^e 
male  thomback. 

The  author  gives  a  particular  description  of  the  rata  chagrinea, 
or  shagreen  ray,  first  described  by  Mr.  Pennant.  He  ppintsout 
the  mistakes  diat  occur  in.  the  last  edition  of  the  British  Zoology, 
and  in  Shaw's  Zoology,  in  the  description  of  this  species,  and 

S'ves  the  characters  by  which  it  may  be  readily  distinguished 
[>m  other  species  ;  and  he  gives  an  accurate  figure  of  the  fish 
which  accompanies  the  paper. 

Valuable  observations  are  given  on  the  raia  oxyrinchus;  the 
raia  maculata,,  ?^hich  has  been  described  by  some  under  the 
name  of  raia  rubus ;  by  others  under  the  name  of  raia  miraletus; 
and  the  raia  microoceliata.  This  last  ray  is  distinguished  firom 
jthe  other  species  by  the  smallne^s  of  the  eyes.  Both  it  and 
the  R.  chagrinea  are  called  Duncow  by  the  fishermen  in  the 
inrest  of  England. 

The  zipnotheca  tetradens  was  described  by  Col.  Monta^  in 
i^e  first  volume  of  the  Wernerian  Memoirs  aa  a  hqnv  ^^ec\^%  ^"^ 
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fish.  He  thinks  that  the  fish  described  bv  Dr.  Shaw  in  his 
General  Zoology,  and  placed  by  him  in  the  tb<Mtu^ic  order  under 
the  name  of  Vandellius  lusitanicus,  is  the  same  fish.  It  was  the 
inaccurate  position  of  this  fish  by  Shaw  that  prevented  bim  from 
recognizine  the  identity  sooner.  Risso,  in  nis  Ichthyologie  de 
Nice^  has  described  three  species  belonging  to  this  genus,  under 
the  generic  title  Lepidopus,  but  has  placed  them  inaccurately  in 
the  thoracic  order. 

Col.  Montagu  gives  a  figure  and  an  accurate  description  of 
tile  Leplocephalus  Morrisii,  first  described  by  Pennant,  though 
afterwards  its  existence  was  called  in  question.  The  author 
obtained  two  specimens  of  this  rare  fish,  firom  his  friend  Mr. 
Anstice,  of  Bridge  water,  near  which  place  they  had  been  taken. 
From  these  specimens,  one  of  which  was  quite  perfect,  he  has 
been  enabled  to  draw  up  a  much  more  accurate  description  than 
had  been  previously  given  by  Pennant,  whose  specimen  had  been 
ibcQmplete. 

Ip  tne  first  volume  of  the  Wernerian  Memoirs,  Mr.  Neill  relates 
his  observations  on  the  Callionymus  lyra  and  dracunculus,  from 
which  he  concluded  that  the  difference  between  these  two  fishes 
is  merely  sexual,  the  former  being  the  male,  and  the  latter  the 
female.  Col.  Montagu  is  induced  to  throw  some  doubts  upon 
lixe  accuracy  of  this  conclusion,  firom  the  circumstance  of  the 
callionymus  dracunculus  being  very  common  upon  the  coast  of 
Devonshire.  The  fishermen  of  Torcross  alone  catch  above  lOOO 
of  them  annually ;  but  the  caUionymus  lyra  is  very  rarely  met 
-with  in  that  quarter.  Col.  Montagu  only  procured  one  specimen, 
which  a  fisherman  sent  him  as  a  rare  fish,  with  which  no  body 
in  his  neighbourhood  was  acquainted.  He  requests  the  secrCf 
tary  of  the  Wernerian  Society  to  go  on  with  his  dissections  ^t 
^Unerent  seasons  of  the  year  till  the  sex  of  the  caUionymus 
dracunculus  be  ascertained ;  for  at  the  time  that  he  pubhshed 
his  paper  in  the  first  volume  of  the  Wernerian  Memoirs,  on  the 
jishes  in  the  Frith  of  Forth,  he  had  not  been  able  to  find  traces 
either  of  roe  or  melt  in  that  fish. 

The  blennius  ocellaris  is  well  known  as  a  Mediterranean  fish, 
but  was  not  supposed  to  occur  on  the  coast  of  Great  Britain ; 
but  three  of  them  were  taken  by  the  dredge  in  1814  on  the 
oyster  bed  at  Torcross  on  the  south  coast  of  Devon.  The  author 
had  an  opportunity  of  examining  them  all,  and  one  of  them  indeed 
in  a  living  state.  He  gives  a  figure  and  description  of  this  fish, 
and  points  out  the  mistakes  respecting  it  into  which  preceding 
ichthyologists  had  fallen. 

The  author  next  gives  a  correct  description  of  the  bknuiif* 
gattorugine,  and  gives  some  valuable  characters  by  which  certain 
species  of  blennius  may  be  distinguished  from  the  rest. 

The  remainder  of  this  valuable  paper  is  taken  up  with  remaiks 
on  the  gadus  argenteolus,  a  small  species  of  gadus  which  has  been 
hitherto  confounded  with  the  gadus  mustela:  with  an  ficcount  of 
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the  sparm  lineattis,  of  which  a  figure  and  accurate  deBcraption  is 
■giveii :  with  a  description  of  a  new  species  of  gurnard,  wnichhe 
•distinguishes  by  the  name  of  trigla  lavis.  The  paper  terminates 
with  remarks  on  the  trigla  cuculus  and  the  trigla  hneata. 

IX.  Observations  upon  the  Alveus,  or  general  Bed  of  the 
German  Ocean  and  British  Channel.  By  Robert  Stevenson^ 
£s(}.  Civil  Engineer* — This  paper  contains  a  very  particular  and 
cunous  detail  of  the  wasting  effects  of  the  sea  upon  the  coasts 
of  Scotland,  which  the  autnor,  from  his  official  situation,  as 
inspector  of  the  northern  hght-houses,  has  had  the  annual  means 
of  ascertaining  for  these  several  years  past.  He  states,  and 
indeed  the  fact  is  notorious,  that  the  sea  has  within  these  few 
years  past  washed  away  a  good  deal  of  land  from  the  south 
shore  of  the  Frith  of  Forth,  and  from  various  other  parts  of  the 
coast  both  of  Scotland  and  England  which  he  enumerates.  This 
wearing  away  of  the  coast  he  ascribes  to  the  gradual  filling  up 
of  the  channel  of  the  German  Ocean.  The  consequence  of  the 
continual  deposition  of  matter  washed  from  the  dry  land  by  the 
action  of  the  rivers  must,  he  conceives,  have  a  tendency  to  fill 
up  the  bottom  of  that  ocean,  and  of  course  to  raise  its  level. 
Mr.  Stevenson  is  disposed  to  generalize  this,  and  to  consider  it 
as  general  all  over  the  sdohe ;  so  that,  in  his  opinion,  the  level  of 
the  ocean  over  the  whole  of  our  globe  is  every  where  rising. 

This  rise  of  the  level  of  the  ocean,  in  consequence  of  the 
deposition  of  the  detritus  of  the  dry  land  into  its  oed,  was  the 
ibundation  of  Dr.  Hutton's  theory  of  the  earth.  The  accuracy 
of  the  conclusion  was  disputed  with  much  zeal  by  Deluc  and 
Kirwan,  and  defended  with  great  eloquence  by  Prof.  Playfair. 
Without  entering  into  so  intricate  a  controversy,  it  may  be  suffi«» 
.•cient  to  observe  that  Mr.  Stevenson's  arguments  prove  too 
much.  If  the  devastations  upon  the  coasts  of  Great  Britain  are 
owing  to  the  fiUing  up  of  the  channel  of  the  German  Ocean  and 
the  consequent  rise  of  the  surface  of  that  ocean,  this  filling  up 
of  the  bed  of  that  ocean  must  be  going  on  with  prodigious  rapi- 
dity. I  myself  remember  perfectly  since  the  roaa  between  New- 
haven  and  Leith  went  much  within  the  present  hi^h  water  mark, 
and  since  there  was  a  space  of  ground  between  it  and  the  sea. 
I  remember,  and  many  of  the  inhabitants  of  Edinburgh  and 
Leith  must  likewise  remember,  the  violent  storm  by  which  this 
piece  of  land  was  swept  away ;  and  firom  the  nature  of  the  soil 
in  that  part  of  the  coast,  when  the  wasting  process  has  once 
begun,  it  is  likely  to  go  on  for  a  considerame  space.  But  that 
there  is  not  the  least  alteration  in  the  height  of  the  surface  of 
the  Frith  of  Forth  is  quite  obvious  from  the  marks  upon  LeiUi 
pier ;  for  the  tide  rises  no  higher  on  that  pier  at  present  than  it 
did  20  years  ago.  Probably  indeed  no  perceptible  change  has 
taken  place  in  mat  height  for  centuries;  for  some  of  the  harbours 
on  the  north  coast  of  me  Frith  seem  to  have  remained  unaltered 
for  several  hundred  years.    I  have  no  doubt  that  the  ^ea  \%  %Vl^V- 
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lower  in  different  parts  of  the  coast  of  Great  Britain  at  present 
than  formerly.  But  this  change  can  be  very  well  accounted 
for  by  local  causes,  which,  in  most  cases,  are  sufficient^ 
obvious.  The  author  has  not  taken  into  his  consideration  many 
examples  that  might  be  adduced  even  upon  our  own  coast  of  the 
land  gaining  on  the  sea.  If  the  surface  of  the  ocean  had  reaDy 
risen,  no  one  instance  of  that  kind  could  possibly  exist. 
,  X.  Geological  Remarks  on  the  Cartlone  Craig,  By  Dr. 
Macnisrht.— ^is  is  a  vast  chasm  in  the  sandstone  near  Lanark, 
and  constitutes  a  most  beautiful  piece  of  scenery.  Dr.  Mac- 
ni^ht,  who  seems  to  have  entered  most  thoroughly  into  the 
spirit  of  the  Wemerian  geognosy,  is  of  opinion  that  this  chasm 
has  been  formed  by  the  subsidence  of  a  portion  of  the  sandstone 
rock. 

XI.  Account  of  the  Irish  Testacea.  By  Thomas  Brown,  Esq. 
F.L.S.  M.W.S.  M.K.S.— This  catalogue  contains  239  species,  of 
which  about  12  appear  to  be  new.  It  seems  to  be  drawn  up 
with  much  ability  by  a  gentleman  very  weU  acquainted  with  the 

*  branch  of  natural  history  to  which  he  has  devoted  his  attention. 
-Gapt.  Brown  considers  Ireland  as  richer  in  shells  than  either 
England  or  Scotland.  The  catalogues  of  Irish  sea  shells,  he 
says,  is  imperfect,  in  consequence  of  his  residing  while  in  Ireland 
at  a  distance  from  the  coast. 

XII.  Remarks  respecting  the  Causes  of  Organization,  By 
Dr.  Barclay. — The  author  was  led  to  the  observations  in  this 

f)aper  from  perusinga  description  of  a  monstrous  fcetus^  by  the 
ate  Dr.  Sandifort,  Professor  of  Physic,  Anatomy,  and  Surgery, 
in  the  University  of  Leyden.  This  foetus  wanted  all  the  bones 
of  the  cranium,  except  mose  which  constitute  the  base.  Instead 
.  of  a  brain  it  had  a  soft  substance,  differing  from  that  organ  in 
form,  magnitude,  and  colour.  Dr.  Sandifort  was  of  opinion  that 
the  brain  nad  once  existed  in  this  and  similar  monsters,  and  that 
it  had  afterwards  disappeared  in  consequence  of  some  accidental 
injury.  But  Dr.  Barclay  conceives  that  we  have  no  evidence  for 
tms :  and  that  in  many  cases,  as  where  the  head,  the  head  and 
neck,  the  head,  neck,  and  shoulders,  or  the  intestines,  are  want>- 
in^  altogether,  no  such  supposition  can  be  formed.  Living 
beings,  ne  says,  originate  from  certain  liquids  secreted  in  the 
organs  of  the  parents.  Something  in  these  liquids^  (that  is,  the 
A'diV^  principle)  begins  the  formation  of  appropriate  organs,  and 
by  these  organs,  when  once  formed,  the  connexion  between  the 
living  principle  and  the  external  world  is  maintained. 

The  subject  of  a  living  principle  is  the  most  difficult  depart- 
ment in  science.  Much  has  been  written  upon  the  subject,  and 
many  opinions,  sufficiently  whimsical  and  ndiculous,  have  been 
advanced  respecting  it,  but  little  or  no  real  progress  has  been 
made  in  the  discussion.  The  opinions  of  modem  physiologists 
differ  from  those  of  their  predecessors  ;  but  they  do  not  seem  to 
l^e  supported  by  better  evidence.    It  is  not  difficulty  tiierefore; 
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to  predict  the  iate  which  several  opinions,  at  present  sufficiently 
fashionable,  and  considered  as  plausible  or  established,  are> 
destined  to  meet  with  from  postenty.  Dr.  Barclay  has  devoted 
much  of  his  time  to  the  study  of  the  living  principle,  and  has  at 
present  a  work  upon  it  ready  for  the  press.  I  have  no  doubt 
that  when  it  appears,  it  will  do  him  credit;  and  that  it  will 
contain  a  full  and  impartial  review  of  all  the  opinions  that  have 
been  advanced  regarding  it. 

XIII.  On  the  Oenera  and  Species  of  Eproboscideous  Insects. 
By  William  Elford  Leach,  Esq. 

XIV.  On  the  Arrangement  of  (Estrideous  Insects.  By  William 
Elford  Leach,  Esq. 

These  papers  being  entirely  technical,  do  not  admit  pf  abridg- 
ment. 

XV.  Observations  on  some  Species  of  the  Genus  Falco  of 
Linnaus.  By  James  Wilson,  Esq. — Tliis  is  a  learned  and 
amusine  paper,  and  well  entitled  to  the  attention  of  ornitholo- 
gists»  The  genus  Falco  is  one  of  the  most  obscure  departments 
of  natural  history ;  several  different  names  being  frequently 
given  to  the  same  species,  the  male  and  the  female  being  often 
described  as  distinct  species,  and  the  old  bird  in  like  manner 
distinguished  from  the  young.  Mr,  Wilson  is  of  opinion  that 
the  Falco  chrysaetos,  the  golden  eagle^  is  a  distinct  species 
from  the  Falco  ful  vus,  or  ring-tailed  eagle,  though  several  modem 
French  ornithologists  have  confounded  them  together.  His 
reasons  seem  to  be  very  good  for  considering  them  as  distinct 
species*  The  terms  Falco  apivorus,  Falco  albidus^  and  Falco 
variegatus,  belong,  he  informs  us,  to  the  same  species,  the 
Honey  buzzard. 

The  term  gentle,  or  gentil,  is  applied  by  falconers  to  falcons 
that  have  been  properly  tamed  ana  trained.  The  term  haggard 
is  apphed  to  those  falcons  that  have  been  taken  by  the  lure,  and 
not  having  been  sufficiently  tamed  are  apt  to. fly  away  after  rooks 
and  pigeons. 

Mr.  Wilson  points  out  several  mistakes  into  which  authors 
have  fallen  with  respect  to  the  Falco  gentilis,  which  is  in  fact 
nothing^  else  than  the  common  falcon.  He  ffives  a  description 
of  the  Falco  palumbarius,  or  goshawk,  and  of  the  Falco  commu- 
nis, or  common  falcon,  of  which  he  describes  no  fewer  than 
12  varieties. 

XVI.  On  the  Geognosy  of  the  hothians.  By  Prof.  Jameson. 
— ^This  paper,  I  conceive,  has  inadvertently  got  a  wrong  title. 
The  autnor  has  intended  it  as  an  introduction  to  a  geological 
account  of  the  Lothians  ;  and  probably  when  he  be^n  to  write 
the  paper  he  intended  not  to  stop  short  at  the  introduction,  but 
to  give  likewise  the  geological  account  to  which  the  title  refers. 
3ut  as  nothing  more  has  oeen  printed  at  present  but  the  intro- 
ductlQQ.  which  ha^  little  reference  to  the  Lothians,  it  would 
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have  been  better  if  the  title  of  the  paDer  had  been  ^'  On  the 
Red  Sandstone  of  the  Middle  District  or  Scotland/' 

That  portion  of  Scotland  to  which  Prof.  Jameson  gives  the 
name  of  the  middle  district  is  bounded  on  the  norm  by  the 
Caledonian  canal,  and  on  the  south,  by  the  Frith  of  Forth.  A 
great  variety  of  formations  exist  in  it  both  primitive,  transition, 
and  floetz.  But  the  red  sandstone  covers  perhaps  a  greater 
portion  of  it  than  any  other  formation ;  and  it  has  been  very 
carefully  and  skilfully  examined  by  our  author,  who  is,  without 
exception,  the  most  industrious  and  indefatigable  geologist  in 
Scotland ;  devoting  the  three  autumnal  months  of  every  year  to 
the  examination  ofsome  tract  of  country  or  other. 

The  red  sandstone  in  the  middle  district  of  Scotland  stretches 
from  Stonehaven,  in  Kincardineshire,  to  the  west  side  of  the 
island  of  Arran,  and  in  some  places  extends  in  breadth  to  n^any 
miles.  The  Ochils  and  the  Seadley  Hills  are  both  situated  in 
the  red  sandstone,  and  constitute  each  a  pretty  long  range  of 
hills.  These  hills  are  composed  of  rocks  very  different  in  their 
nature  from  red  sandstone ;  but  as  they  lie  m  that  formation, 
Prof.  Jameson  considers  them  as  constituting  so  many  subordi- 
nate formations  to  the  red  sandstone.  Nor  is  this  the  only 
alteration  in  the  Wemerian  geognosy  which  has  been  the  conse- 
quence of  the  examination  of  the  structure  of  Great  Britain. 

Werner  distinguished  the  sandstone  formation  by  the  name 
of  old  red  sandstone,  and  considered  it  as  the  oldest  of  the  floetz 
formations,  and  as  lying  immediately  over  the  primitive,  or 
transition  rocks.  Red  sandstone  in  Great  Britain  may  be  traced 
from  Kincardineshire,  in  Scotland,  as  far  south  as  Devonshire. 
One  portion  of  this  sandstone,  the  portion  which  exists  in  Scot- 
land and  in  the  north  of  England,  is  obviously  below  the  coal 
beds,  and  immediately  in  contact  with  primitive  or  transition 
formations.  It  is,  therefore,  the  old  red  sandstone  of  Werner, 
But  in  the  south  of  England,  as  in  Warwickshire,  Worcester- 
shire, &c.  it  lies  as  obviously  above  the  coal  beds.  On  this 
account  two  distinct  red  sandstone  formations  have  been  distin- 
guished by  British  geologista  under  the  names  of  old  red 
sandstone  and  new  red  sandstone.  Mr.  Jameson  seems  inclined 
to  suspect  that  these  two  sandstones  constitute  in  fact  but  one 
great  formation,  and  that  the  coal  beds  are  in  reality  only  beds 
occurring  in  red  sandstone,  and  subordinate  to  it.  If  this 
supposition  were  to  be  adopted,  it  would  be  necessary  to  reduce 
alltne  floetz  formations  of  Werner  below  the  chalk  to  old  redsand- 
stone^  and  to  consider  almost  all  the  floetz  formations  of  Werner 
as  subordinate  to  the  red  sandstone.  This  seems  to  me  to 
approach  to  the  opinion  entertained  by  Mr.  Whitehurst,  and 
founded  upon  a  survey  of  the  midland  district  of  England.  Such 
a  sweeping  generalization  would  be  undoubtedly  very  convenient 
for  Wemerian  geologists,  as  it  would  enable  them  to  overieap 
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every  diflSculty  that  could  be  started  asainst  their  peculiar 
opinions ;  but-  whether  it  would  be  attend^  with  advantages 
sufBcient  to  induce  us  to  adopt  it,  is  a  question  which  deserves 
some  consideration.  The  suMrdinate  formations  of  Werner  were 
a  very  ingenious  thought,  and  enabled  him  to  generalize  the 
structure  of  the  earth  much  more  easily,  and  to  make  it  ,much 
more  interesting  than  would  have  otherwise  been  possible.  He 
was  never  embarrassed  by  the  appearance  of  a  subordinate 
formation.  He  had  merely  to  assign  the  great  formations  in 
which  it  was  apt  to  occur.  Then  it  might  be  indifferently  pre- 
s^ity  or  absent,  as  far  as  the  theory  was  concerned.  The  point 
was  to  establish  the  great  general  formations,  which  included 
the  subordinate  ones.  But  if  we  affirm  that  there  is  only  one  or 
two  floetz  formations,  and  that  all  the  other  formations  that  occur 
in  floetz  districts  are  subordinate  to  these  two,  is  not  this  merely 
another  mode  of  giving  up  the  regularity  of  the  structure  of  the 
crust  of  the  earth,  and  tacitly  affirming  tnat  there  is  no  regularity 
whatever  in  the  order  in  which  the  different  rocks  follow  eacn 
other  ?  If  greenstone,  porphyry  slate,  compact  felspar,  &c.  occur 
in  old  red  sandstone,  and  in  the  newest  floetz  trap  formations, 
"and  in  all  the  intermediate  formations,  and  if  there  be  no  crite- 
rion by  which  these  rocks  can  be  distinguished  from  each  other 
in  these  different  positions,  it  seems  clear  that  the  occurrence  of 
these  rocks  can  give  us  no  information  of  the  part  of  the  series 
in  which  they  occur.  We  may  find  greenstone  below  coal  or 
above  coal,  or  in  places  not  in  the  least  connected  with  coal ; 
so  that  the  occurrence  of  greenstone  can  give  us  no  information 
whether  the  tract  of  country  in  which  we  find  it  be  situated  below 
the  coal  or  above  the  coal.  The  same  remark  may  be  applied 
to  all  the  other  rocks  which  constitute  only  subordinate  forma- 
tions. I  conceive,  therefore,  that  it  will  be  worth  Prof.  Jameson's 
while  to  consider  whether  the  prodigious  extent  which  he  is 
inclined  to  give  to  subordinate  formations  be  not  a  virtual 
acknowledgment  that  the  order  of  the  different  rocks  constitut- 
ing the  crust  of  the  earth,  is  less  regular  than  Werner  thought 
it  to  be.  I  do  not  wish  him  to  abandon  the  doctrine  of  genera} 
formations.  If  it  can  be  shown  that  there  exist  no  more  than 
five  general  formations ;  namely, 

1.  Granite.  4.  Sandstone. 

2.  Gneiss  and  mica  slate.  5.  Chalk. 

3.  Clay  slate. 

And  if  all  the  other  rocks  be  subordinate  to  these,  this  will  be 
at  least  a  very  material  point  ascertained.  I  think  it  likely  that 
teologists  would  come  sooner  to  correct  results  if  they  were  to 
Degin  by  assuming  those  formations  only  to  be  general  which 
axe  observed  covering  very  lai^  tracts  of  count^,  and  in  the 
most  opposite  parts  of  the  earth. 
Professor  Jameson's  account  of  thQ  red  aond^lotiv^  o^  ^o^- 
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land  is  highly  instructiye,  and  merits  the  closest  attention  of 
geologists ;  but  like  all  technical  descriptions,  it  is  of  a  nature 
not  susceptible  of  abridgement.  The  following  are  the  namei 
of  the  subordinate  rocks  which  this  red  sandstone  contains. 

Conglomerate,  Compact  felspar. 

Slate  clay,  Porphyry, 

Claystone,  Greenstone, 

Clay  ironstone,  Pitchstone, 

Trap  tuff,  Limestone, 

Amygdaloid,  Limestone  conglomerate, 

Basalt  ?  Coal. 
Clinkstone, 
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Proceedings  of  Philosophical  Societies. 

ROYAL    SOCIETY. 

The  annual  meeting  for  the  election  of  officers  for  the  ensoinf; 
year  took  place  on  Nov.  30,  when  the  following  noblemoi  ana 
gentlemen  were  elected : 

President. — Right  Hon.  Sir  Joseph  Banks,  Bart.  G.C.B.&c> 

Secretaries. — W .  T.  Brande,  Esq.  and  Taylor  Combe,  Esq. 

Treasurer. — Samuel  Lysons,  Esq; 

Therei  remained  of  the  old  Council^  Right.  Hem.  Sir.  J.  Banks, 
Bart,  y  W.  T.  Brande,  Esq. ;  Lord  Bishop  of  Carlisle ;  Taylor 
Combe,  Esq. ;  Sir  H.  Davy,  Bart.;  Sir  E.  Home,  Bart. ;  S.  ly- 
sons, Esq. ;  George,  Earl  of  Morton  ;  John  Pond,  Esq. ;  W,  H, 
WoUaston,  M.D. ;  T.  Young,  M.D. 

There  were  elected  into  the  Council ,  J.  P.  Auriol,  Esq.; 
R.  Bingley,  Esq. ;  Sir  T.  G.  Cullam,  Bart. ;  John,  Eari  of  Dami- 
ley;  S.  Davis,  Esq.;  Sylvester,  Lord  Glenbervie  ;  Major-Gen. 
Sir  J.  W.  Gordon,  K.C.B. ;  Sir  A.  Johnston,  Knight;  Rev.  R# 
Nares  ;  Sir  G.  T.  Staunton,  Bart. 

At  this  meeting,  the  Copley  medal  was  voted  to  Mr.  R.  Sep- 
pings,  for  his  various  improvements  in  the  construction  of  ships, 
communicated  to  the  Royal  Society,  and  published  in  their 
Transactions. 

Jan.  14. — A  paper,  by  Sir  E.  Home,  was  read,  on  the  Corpora 
Lutea.  The  texture  of  the  ovarium  before  puberty  is  loose  and 
open,  and  contains  globular  cells.  After  puberty,  the  corpoa 
lutea  are  found  in  the  substance  of  the  ovarium.  In  the  cow, 
they  form  a  mass  of  convolutions,  which  Sir  E.  compared  to 
those  of  the  brain.  The  ova  are  formed  in  the  corpora  lutea ;  and, 
according  to  our  author,  exist  previously  to,  and  independentiy 
of,  sexual  intercourse ;  and  when  the  ova  are  formed,  the  corpoi^ 
kii^di  are  destroyed  by  absorption,  whether  the  contswed  o^afure 
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knpregnated  or  not.  Sir  E.  thinks  that  impregnation  is  neces- 
sary to  ^e  expulsion  of  the  ova,  and  that  ttie  corpus  luteiim  is 
burst  by  extravasatedblood,  its  cavity  after  the  escape  of  the  ovum 
being  found  distended  with  blood  in  a  coagulated  state.  When 
impregnation  does  not  take  place,  the  ovum  remains  in  the 
cavi^  of  the  corpus  luteum.  Hence  the  author  thinks  it  proba- 
ble tnat  the  ovum  is  impregnated  in  the  ovarium  itself. 

Beautiful  drawings,  illustrative  of  these  points,  accompanied 
the  paper,  founded  chiefly  on  the  observations  of  Mr.  leaner, 
who  assisted  Sir  Everard  m  the  present  inquiry. 

GEOLOGICAL   SOCIETY. 

Nov.  6. — A  paper,  from  William  Phillips,  Esq.  M.  G.  S,  "  On 
the  Chalk  Cliffs,  &c.  on  the  Coast  of  France,  opposite  Dover," 
was  read. 

The  appearance  from  Dover  of  the  cliffs  on  the  opposite  coast 
of  France,  induced  Mr.  Phillips  to  suspect  that  they  might  re- 
semble in  their  formation  those  of  the  English  coast  which  he 
had  lately  described ;  and  on  crossing  the  channel,  examining 
the  strata  from  Sandgate  to  St.  Pot,  he  found  them  to  consist 
of  deposits  similar  to  those  which  constitute  the  long  range  of 
coast  oetween  Dover  and  Folkstone,  except  that  the  upper  part 
of  the  bed  with  numerous  flints  is  not  visible  on  the  French 
coast.  The  (tip  of  the  strata  appears  the  same  on  both  sides  of 
the  channel,  but  the  thickness  as  well  as  the  height  of  the 
cliffs  is  much  less  on  the  French  side.  Hence,  although  the 
strata  became  thinner  in  that  portion  which  now  constitutes  the 
French  coast,  Mr.  PhiUips  considers  that  they  were  once  con- 
tinuous with  the  English  beds,  and  formed  a  part  of  what  is 
now  termed  the  chalk  basin  of  London,  the  then  connecting 
mass  having  been  since  washed  away  by  the  action  of  the  sea. 

A  paper  from  N.  S.  Winch,  Esq.  containing  sections  of  the 
coal  formations  in  Northumberland,  was  read. 

A  paper  from  WiDiam  PhiUips,  Esq.  on  the  modifications  of 
the  primitive  crystal  of  sulphate  of  barytes,  was  read. 

The  primitive  crystal,  a  right  riiomboidal  prism,  the  angles 
of  which  were  found  by  the  reflecting  goniometer  to  measure 
78°  18'  and  101°  42^,  is  subject  to  modifications  on  its  acute 
and  obtuse  edges,  and  on  all  its  solid  angles.  Mr.  P.  has  ob« 
served  18  modiflcations,  and  he  has  described  the  secondary 
planes  produced  by  them,  of  which  an  illustrative  series  of 
figures  is  given  with  the  paper. 

Dec.  4. — A  paper  was  read,  from  Dr.  Davy,  communicated 
by  Sir  James  McGregor,  on  the  Geology  and  Mineralogy  of  the 
Island  of  Ceylon. 

This  island  consists  almost  entirely  of  one  mass  of  primitive 
rock,  composed  chiefly  of  gneiss  and  dolomite,  rising  in  some 
places  to  7000  feet  above  the  level  of  the  sea — an  elevation 
which  Adams'  P«ak,  the  highest  mountain  in  \]tie  ^s^sGAd^^  ^^^ 
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Rot  exceed.  With  the  exception  of  one  spot,  the  shores  are 
generally  shelying.  The  motintaina  and  plaiiis  are  generd^ 
covered  with  accumulated  debris,  and  the  soil,  iriiich  is  poor, 
corresponds  to  the  rocks  from  which  it  is  derived;  the  water  is 
pure,  and  of  the  mean  annual  temperature  of  the  place  where 
it  risesy  except  in  the  neighbourhood  of  Trincomalee,  where 
there  are  hot  springs  of  103**  to  137°. 

The  valleys  are  in  general  narrow  and  deep,  with  outlets  which 
render  them  incapable  of  forming  lakes ;  but  there  are  some 
salt  lakes  formed  by  the  sand  banks  thrown  upon  the  sea^ 
shore. 

Besides  the  two  species  of  rock  before  spoken  of  there  are 
masses  of  granite,  both  common  and  graphic,  sienite,  f^spar, 
rock,  and  greenstone. 

Iron  in  dilFerent  forms  is  general  in  the  island,  but  no  other 
metal  has  been  discovered :  its  poverty,  however,  in  this  respect 
is  not  less  remarkable  than  its  richness  in  rare  and  valuable 
gems,  which  are  scattered  through  the  alluvial  ground,  but  are 
seldom  found  in  their  native  rock.  The  minerals  which  have 
been  observed  by  Dr.  Davy  are  quartz,  cat's-eye,  prase,  hy- 
alite, &c.  Tourmaline,  garnet,  pyrope,  cinnamon-stone,  zircon, 
hyacinth,  spinelle,  ssupphire,  and  common  corundum,  several 
varieties  of  felspar,  mica,  carbonate  and  anhydrous  sulphate  of 
lime,  apatite,  graphite,  and  ceylonite.  No  traces  are  visible  of 
volcanic  action  in  any  part  of  the  island. 

A  communication  was  read  from  Ed.  L.  Irion,  Esq.  of  Irton 
HaU,  on  a  third  sand-tube  found  at  Drigg. 

The  remains  of  this  tube  were  discovered  about  10  or  16 
yards  nearer  to  the  sea  than  the  former  ones.  Passing  through 
about  four  feet  of  pebbles,  its  course  was  continued  nearly 
eight  feet  through  wet  sand  ;  it  then  became  much  contorted 
and  irregularly  formed,  sometunes  being  solid,  and  a^n  be- 
coming tubular,  and  terminating  at  a  granite  pebble  with  only 
a  small  diverging  ramification  extending  but  a  few  inches. 

SOCIETY    FOR    THE    ENCOURAGEMENT    OF    ARTS,    MANUFAC- 
TURES, AND    COMMERCE. 

We  hope  in  future  to  present  our  readers  with  notices  of  the 
more  important  commumcations  made  to  this  Society,  and  to 
which  the  Society  has  voted  rewards.  Since  the  commencement 
of  the  present  session,  in  November  last,  rewards  have  been 
adjudged  for  the  following  interesting  subjects. 

Mr,  W.  Hardy*s  Inverted  Pendulum, — ^This  valuable  instru- 
ment has  already  been  made  known  to  the  pubUc  hy  Capt< 
Henry  Kater,  F.K.S.  in  a  late  paper  in  the  Transactions  of 
the  Koyal  Society,  containing  "  An  Account  of  Experiments 
for  determining  the  Length  of  the  Pendulum,  vibrating  Seconds, 
in  the  Latitude  of  London ;  '^  who  derived  considerable  ad| 
vantage  firom  it,  in  provmg  the  stabiUty  of  the  support  for  his 
6 
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)endulum.  It  has  also  received  the  approbation  of  other  eminent 
aen  in  the  sc^tific  woiid.  The  Society  adjudged  its  gold 
[sis  medal^  to  be  presented  to  Mr.  Hardy,  lor  this  invention. 

Mr.  Eimli^s  ivory  Paper. — ^This  paper  possesses  a  surface, 
bavins  many  of  the  valuable  properties  of  ivory,  and  at  the  same 
time  has  the  superior  advanta^  of  bein^  obtained  of  a  much 
greater  size  than  ivory  can  possibly  furnish^  even  nearly  as  large 
Eis  the  usual  sheets  of  drawing  paper,  llie  Society  has  voted 
the  sum  of  30  guineas  to  Mr.  EmsUefor  this  invention. 

Mr.  Alexander  BelP$  New  Chuck  for  a  Lathe. — This  instru- 
ment can  be  screwed  into,  or  upon,  the  mandrel  of  a  lathe, 
Emd  has  three  studs  projecting  from  its  flat  surface,  forming 
an  equi-lateral  triangle,  and  which  are  capable  of  being  moved 
efjuably  to,  or  fi*om,  its  centre.  These  studs  are  provided 
with  teeth,  and  can  be  made  to  embrace,  or  enclose,  any  hollow, 
or  solid,  circular  body  between  them,  within  the  extent  of  its 
limits,  and  retain  it  firmly,  in  order  to  turn,  bore,  or  operate,  in 
any  other  manner  upon  it  in  the  lathe.  From  the  greater  sim- 
phcity  of  its  construction,  it  can  be  made  much  cheaper  than 
similar  contrivances  for  the  same  purpose.  The  Society  awarded 
ito  silver  medal  and  the  Bum  of  10  guineas  to  Mr.  Bdl  for  this 
invention. 


Article  XII. 


SCIENTIFIC    INTELLIGENCE,   AND    NOTICES   OF    SUBJECTS 

CONNECTED    WITH    SCIENCE. 

L  Method  of  determining  the  Specific  Gravity  of  the  Gases. 

The  apparatus  necessary  for  taking  the  specific  gravities  of 
gases,  by  the  following  method,  consists  of  a  dehcate  balance, 
or  rather  beam,  so  constructed  that  two  bulky  vessels  of 
exactly  the  same  size  and  weight  may  be  conveniently  suspended 
irom  its  extremities.  One  of  these  vessels  may  be  a  globe,  or 
Bask,  furnished  with  a  stop-cock  as  usual,  and  of  any  convenient 
size.  The  other  must  be  cylindrical,  so  as  to  admit  of  being 
graduated ;  say,  into  1000  equal  parts ;  and  must  be  likewise 
oimished  with  a  stop-cock  having  an  extremely  minute  aperture. 

The  two  vessels,  as  before  stated,  must  be  exactly  of  the  same 
size  and  weight,  so  that,  when  filled  with  atmospneric  air  and 
suspended,  the  index  of  the  beam  shall  stand  at  0,  and  these  easy 
^pistments  are  the  whole  that  are  required.  When  used,  the 
globe,  or  flask,  is  to  be  filled  with  the  gas,  whose  specific  gravity 
is  to  be  determined  in  the  usual  manner,  and  tiie  cylmdricai 
Vessel  is  then  to  be  so  far  exhausted  as  to  be  rendered  lighter 
than  the  globe,  or  flask,  thus  filled.  Both  vessels  being  now 
tuspendea,  one  at  each  extremity  of  the  beam,  ilie  a\Ai^-mOs.  oi 
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the  cylindrical  vessel  is  to  be  opened,  and  so  much  air  be  permit- 
ted to  enter  by  the  minute  aperture  above-mentioned  as  shall 
be  requisite  to  bring  th^  two  vessels  in  the  same  exact  equihbrium 
as  at  the  commencement  of  the  experiment.  The  cylindrical 
vessel  is  then  to  be  removed  from  the  beam,  and  its  stop-cock 
opened  under  mercury,  and  thus  the  precise  bulk  of  air  contained 
in  it  be  accurately  measured,  which  bulk  (if  the  whole  vessel 
has  been  graduated  to  1000  parts)  represents  the  specific  gravity 
of  the  gas  weighed,  common  air  being  1000.  Thus,  suppose 
hydrogen  to  be  the  subject  of  experiment,  and  it  be  founa  that 
69*44  parts  of  common  air  be  equal  in  weight  to  1000  parts  of 
hydrogen,  the  specific  gravity  of  hydrogen  will  be  '06944  com- 
mon air  by  1*000,  or  it  is  14*4  times  lignter  than  common  air. 

The  above  form  of  the  apparatus  is  more  particularly  adapted 
for  deteimining  the  specific  gravity  of  gases  lighter  than  common 
air ;  but  it  is  obvious  that  tne  principle  upon  which  the  method 
is  founded  is  equally  applicable  to  gases  heavier  than  air, -by  a 
little  modification  in  the  apparatus.  The  advants^es  of  the 
method  are  many  and  important.  Besides  the  greater  general 
accuracy  attainable  by  measuring  than  weighing  gases,  the  use 
of  weignts,  as  well  as  the  necessity  of  ascertaimng  the  bulk  and 
weight  of  the  apparatus,  as  in  the  common  mode  of  determinig 
the  specific  gravity  of  gases,  are  entirely  superseded ;  nor  are 
errors  Ukely  to  arise  from  any  change  in  the  atmospheric  temper- 
ature, or  pressure,  occurring  during  the  performance  of  the 
experimejit. 

II.  Sulphate  of  Strontian. 

This  substance  has  been  lately  found  in  considerable  quantity 
at  Carlisle,  about  34  miles  west  of  Albany,  state  of  New  York, 
imbedded  in  clay  slate,  forming  very  extensive  strata.  It  was 
first  tried  by  a  common  smith  as  a  substitute  for  borax,  and  has 
been  found  the  most  useful  fiux  ever  employed  in  brazing  and 
welding.  By  employing  a  very  small  quantity  of  it  in  powder, 
instead  of  clay,  he  welded  easily  the  most  refractory  steel ;  and 
in  brazing,  it  proved  superior  to  borax,  on  account  of  its  remain- 
ing more  fixed  at  a  high  temperature. 

III.  Subterranean  Noises. 

At  Haddam,  in  Connecticut,  for  several  years  past,  noises, 
like  the  firing  of  small  arms,  have  been  continually  heard,  which 
have  been  accompanied  with  almost  continual  concussiotis  of 
the  earth.  So  frequently  have  these  effects  been  experienced, 
that  they  are  quite  disregarded  by  the  inhabitants.  About  six 
years  since,  however,  a  serious  explosion  took  place,  which  rent 
and  dislocated  large  masses  of  the  granite  mountains.. 

IV.  Scientijic  Expedition  in  America. 

A  scientific  party  will  proceed  in  March  to  explore  the  natural 
productions  of  the  numerous  large  rivers  tributary  to  the  Missis- 


181&.]  '  Scientific  Intelligence.  146 

sippi.  Tbey  will  ^o  in  a  steam-boat  now  building  for  the  purpose 
at  Pittsburg ;  and  expect  to  be  absent  for  upwards  of  three  years. 
T.  Say,  Esq.  of  Philadelphia,  will  be  one  of  the  party. 

*  V.  Mineralogy  in  America. 

We  observe  in  the  American  papers  proposals  from  Dr.  J.  W. 
Webster  for  a  course  of  lectures  on  mmeralogy  and  geology  at 
Boston ;  and  are  happy  to  observe  the  science  acqmred  in  the 
university  of  our  nortnem  metropolis,  during  the  intervals  of 
professional  studies,  becoming  actively  employed  in  a  district, 
we  apprehend,  abounding  in  minerals  in  considerable  variety. 

VI.  Africa. 

Mr.T.  E.  Bowditch,  who  has  recently  published  his  travels  in 
Africa,  is  about  to  return  to  Cape  Coast  Uastle,  accompanied  by 
Messrs.  WilUams  and  Salmon,  surgeons.  These  gentlemen  are 
all  good  naturalists  ;  and  will  make  frequent  excursions  into  the 
interior  with  the  view  of  exploring  its  natural  history. 

VII.  Temperature  of  Bombay. 

An  account  of  tlie  state  of  the  barometer  and  thermometer, 
8cc.  in  this  island  for  1816  and  1817,  was  given  in  the  Annab 
for  Sept.  last  by  Mr.  Knight.  The  following  additional  obser- 
vations recently  pubUshed,  though  made  long  oefore,  may  not  be 
altogether  devoid  of  interest. 

Mean  temperature  of  the  island  as  estimated  from  the 
averages  of  observations  made  during  a  period  of  two  years, 
viz.  1803  and  1804. 

Morn.  Noon.  NighL 

1803.-79^^     82i°  4^     ......    8r  u 

1804.-79      H     82 H     80 jl  U 

Average  794-    ^  82^.^  80^  4^ 

General  average  of  1803 814.°  ^ 

General  average  of  1804 8O4.    -^    • 

Mean  temperature 80|.    ^ 

The  morning  observations  were  generally  made  between  six 
and  eight  o'clock,  the  noon  between  12  and  4,  and  the  evening 
between  half-past  9  and  12,  and  the  greatest  height  at  noon 
was  noted  when  several  observations  were  made.  The  thermo- 
meter is  stated  to  have  been  placed  out  of  the  direct  influence 
•  of  the  sun  about  23  feet  above  the  level  of  high  water  mark. 

It  appears  that  the  greatest  diurnal  range  of  the  thermometer 
during  the  above  period  varied  from  5^^  to  13^°,  the  least 
diurnal  range  occurring  from  April  to  October,  and  the  greatest 
from  November  to  March.  With  respect  to  the  above  mean 
temperature,  the  author  observes  that  it  is  a  more  favourable 
one  than  from  observations  in  other  parts  of  India  oi  o(  \!ick^ 
w(HrId  in  the  same  latitude,  we  should  nave  been  v^arraxiVA^  Va 
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supposing,  and  that  the  morning  average  in  particular  can 
hardly  be  relied  upon  as  conveying  an  accurate  idea  of  the 
mommg  temperature. 

The  foUowmg  table  presents  the  number  of  rainy  days  in 
1803  and  1804,  years  remarkable  for  the  difference  in  their 

Seat  leading  features,  the  first  being  a  year  of  unusual  scarcitj, 
e  second  of  uncommon  abundance. 

l803.»Day 8  of  1 804.— Days  of 

Heavy  raio.  Showen.  Hcary  rain.  Sbowcn. 

Jan —  —  — -  3 

Feb — 2  —  — 

March —  —  — ..— 

April —  —  —  ........  — 

May —  —  —  2 

June 14 11  11  11 

July 14  14  17  13 

August  ....  15   8  7  17 

September..    2   3  14  14 

October  ...  —  5  —  6   - 

November..    1 1  —  ........— 

December ..  —  —  — -r 

le  H  "49  "ee" 

46  49 

General  total ....  90 115 

The  author  considers  the  difference  of  the  fall  of  rain  in  the 
months  of  September  to  have  been  the  chief  cause  of  the 
above-mentioned  difference  between  the  crops  of  the  two  years.— 
(Abstracted  from  a  paper  by  Lieutenant  Colonel  Jasper  Nicholb 
in  the  Transactions  of  the  Literary  Society  of  Bombay.) 

VIII.  Population  of  Bombay. 

The  whole  population  of  Bombay,  at  the  period  below-men- 
tioned, was  estimated  to  vary  from  160,000  to  180,000.  Of  tfaift 
number,  about  \  were  Mussulmen,  ^  of  Parsee  caste,  and  ^ 
Christians ;  the  remainder  were  chiefly  Hindoos,  who  dius  con* 
stituted  the  great  bulk  of  the  inhabitants.  The  following  is  a 
general  account  of  the  number  of  deaths  from  1801  to  1808> 
mclusive.  It  is  founded  on  returns  made  to  the  police  office  o£ 
the  number  of  bodies  buried  or  burned  in  the  island. 


1801  4,836 

1802 6,297 

1803  8,320 

1804  26,834 


1806  10,347 

1806  6,440 

1807  6,834 

1808  7,617 


^  The  average  deaths  during  the  year  would,  by  this  accooDty 
be  9,000,  or  about  1  to  19  ;  but  the  year  1804  ia  which  Ae 
deaths  are  nearly  trebled,  was  a  season  of  famine  throusfaout- 
ibie  xze^hbouiing  provinces  ou  the  continent  of  India.    Great 
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multitudes  sought  refuge  from  deafh  at  Bombay ;  but  many  of 
them  arrived  in  too  exhausted  a  state  to  be  savea  by  the  utmost 
exertions  of  humanity  and  skill.  This  calamity  beean  to  affect 
the  mortality  in  1803 ;  and  its  effects  are  visible  in  the  deaths  of 
1806/' 

From  other  data,  it  appears  that  the  average  of  the  deaths  of 
the  Mahometan  sects  dunng  1806, 1807,  and  1808,  were  to  their 
whole  numbers  as  1  to  17-J-,  of  the  Parsees  as  1  to  24,  and  of  the 
Christians  in  different  districts  between  I  to  22,  and  1  to  16. 

With  respect  to  the  relative  proportion  of  males  to  females  in 
Bombay,  it  appears  thatthenumberof  males  exceed  in  general  that 
of  females  throughout  all  the  different  sects  comprising  the  popu- 
lation of  the  island  (except  the  Christians,  and  for  whicn  no  cause 
is  assigned) — an  insuperaUe  argument  against  the  necessity  of 
polygamy,  especially  when  taken  in  conjunction  with  similar 
weU-authenticated  facts.  Indeed  this  practice  appears  to  ba^ 
vei^  limited,  and  to  be  confined  almost  exclusively  to  the  rich  ; 
fbr  it  is  stated  that  out  of  20,000  Mahometans  in  fiombay,  only 
about  100  have  two  wives  ;  and  only  five  have  three  ;  so  incon- 
siderable, continues  the  author,  ''is  the  immediate  practical 
result  of  a  system,  which  in  its  principles  and  indirect  conse- 
qu^ces  produces  more  evil  than  perhaps  any  other  institution." 
—-(Abstracted  from  note  to  discourse  deUvered  at  the  opening  of 
the  Literary  Society  of  Bombay  by  Sir  J.  Mackintosh.) 

IX.  Gezangabeen^  or  Persicm  Manna. 

This  substance,  to  which  various  origins  have  been  assi^ed, 
is  found  chiefly  in  Persia  and  Arabia.  Capt.  E.  Frederick,  of 
the  Bombay  establishment,  states,  that  the  gez  of  which  he 
supposes  the  gezangabeen  is  formed,  is  found  on  a  shrub,  resem- 
blmg  the  broom,  called  the  gavan,  which  he  describes  as 
growing  '^  from  a  small  root  to  the  height  of  about  two  feet  and 
a  half,  and  spreading  into  a  circular  form- at  the  top,  from  three 
to  four  feet  and  a  haJf  in  circumference.  The  leaves  were  small 
and  narrow ;  and  underneath  the  gez  was  observed,  spread  all  over 
the  tender  branches  like  white  uneven  threads^  with  innumerable 
little  insects  creeping  slowly  about. 

"  Tliese  insects  were  either  of  three  species,  or  the  same  in 
three  different  stages  of  existence.  The  one  was  perfectly  red,  and 
80  small  as  to  be  scarcely  perceptible ;  the  second  dfark,  and 
very  Uke  a  common  louse,  though  not  so  large ;  and  the  third  a 
Very  small  fly.  They  were  all  extremely  dull  and  sluggish,  9Jid 
fond  of  lying  or  creeping  about  between  the  bark  of  the 
gavan  and  thege^:."  Tnis  substance  is  stated  to  be  collected 
every  third  day  for  28  days  about  the  month  of  September. 

Capt.  F.  made  the  above  observations  near  the  town  of  Khonsar, 
^here,  and  in  Looristan,  this  substance  is  chiefly  found.  He  states 
Ihat  the  gez  is  obtained  by  beating  the  bushes  with  a  stick. , 
\¥lien  first  separated,  it  is  a  white. sticky  substance,  not  utA&j^ 
luNur  frost,  of  a  very  rich  Bweet  taste.     It  is  puiifeed  \>y  \>oTSiti%, 
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and  then  mixed  up  with  rose  water,  flouTy  and  pistachio  nat8> 
into  cakes,  and  in  this  form  constitutes  tlie  sweetmeat  called 
in  Vtr^vsigezangabeeny  and  which,  by  the  Persians,  is  highly 
valued.  Tnougn  the  gez,  when  first  collected,  admits  of  being 
sifted,  still  in  its  original  state  it  is  brittle  and  adhesive  at  the 
same  time — qualities  for  which  it  is  remarkable  after  its  prepar 
ration  as  a  sweetmeat.  If  pressed,  it  sticks  to  the  fingers;  out 
on  being  smartly  struck,  separates  easily  into  small  grains,  hke 
sugar.  It  is  in  this  state  in  cool  weather ;  but  above  th^  temper- 
ature of  68°,  it  liquefies,  and  resembles  white  honey  both  in 
colour  and  taste. 

Besides  the  above  species  of  manna,  other  products  of  a 
similar  nature  are  stated  by  the  author  of  the  present  paper,  as 
well  as  others,  to  be  found  in  Persia  and  the  neighbouring 
countries. — (Transactions  of  the  Literary  Society  of  Bombay.) 

Meerza  Jiafer  Tabeeb,  a  Persian  physician,  now  in  London, 

fives  a  different  account  of  this  substance.  Gez^  according  to 
im,  is  the  name  of  a  tree  called  in  Arabic  Tuifaf  and  which  is 
supposed  to  belong  to  the  Tamarisk  genus..  Of  this  tree  there 
are  two  species ;  one  a  shrub,  which  yields  the  substance  in 
question,  called  gezangabeai  (a  term  meaning  literally  juice  of 
the  (tree)  gez)y  used  only  as  a  sweetmeat ;  the  other,  a  tree  , 
yielding  a  somewhat  similar  substance,  called  in  Arabic  Aihel^  . 
and  which  is  employed  in  medicine  as  an  astringent.  Besides.^ 
these  two  species  of  manna,  he  states  they  have  a  third,  called' , 
in  Arabic  Terenjubin,  which  is  used  as  a  laxative.  This  gentle- 
man also  states,  that  it  is  the  universal  opinion  in  Persia  th^t 
all  these  varieties  are  exudations  from  the  trees  on  which  they 
are  found,  and  not  the  work  of  insects. 

X.  Information  respecting  the  Tree  called  lAgnum  Rhodium  in 
Pococke^s  Travels,  dj  Sir  James  Edward  Smith,  M.D. 
Pres.  L.  S. 

Pococke  in  his  well-known  Description  of  the  East,  ii.  230, 
speaking  of  Cyprus,  has  the  following  passage  : 

"  Most  of  the  trees  in  the  island  are  evergreen  ;  but  it  is  most 
famous  for  the  tree  called  by  the  natives  Xylon  Effendi,  the  Wood 
of  our  Lord,  and  b^  naturalists  Lignum  Cyprinum  and  Lignum 
Rhodium,  because  it  grows  in  these  two  islands.    It  is  called' 
also  the  Rose  Wood,  by  reason  of  its  smell.    Some  say  it  is  in  ^ 
other  parts  of  the  Levant,  and  also  in  the  isle  of  Martinico.    It 
grows  hke  the  platanus,  or  plane  tree,  and  bears  a  seed  and 
mast  like  that,  only  the  leaf  and  fruit  are  rather  smaller.    The 
botanists  call  it  the  oriental  plane  tree.  The  leavea\)eing  rubbed 
have  a  fine  balsamic  smell,  with  an  orange  flavour.     It  produces 
an  excellent  white  turpentine ;  especially  when  any  incisions  are 
made  in  the  bark.     I  suppose  it  is  from  this  that  they  extracta- 
very  fine  perfumed  oil,  winch,  they  say,  as  well  as  the  wood,  has . 
the  virtue  of  fortifying  the  heart  and  brain.  He  common  peopb  i 
here  cut  off  the  hark  and  wood  together,  toast  it  in  the  fire,  and : 


?,  or  onental  liquidambar. 

Sibthorp  in  his  visit  to  Cjrprus  was  anxious  to  ascertain 
e  mentioned  by  Pococke.  He  found  it  stiD  growing,  and 
lerated  by  the  natives,  though  not  quite  so  much  so  as  it  had 
I  the  time  of  Pococke.  It  was  the  liquidambar  styraciflua, 
North  American  species.  No  other  tree  of  this  species 
own  in  the  island  of  Cyprus,  nor  probably  in  the  Levant. 
ins,  therefore,  as  a  problem  difficult  of  solution  to  account 
first  planting  of  this  tree  in  the  island  of  Cyprus. — (Lin<» 
ransactions,  xii.  1.) 

Twer  of  the  Sarracenia  Admica  to  entrap  Lisects.   By  Dr. 

James  M'Bride. 

le  12th  volume  of  the  Linnaean  Transactions,  p.  48,  there 
ous  communication  from  Dr.  Macbride,  of  South  Carolina, 
property  which  the  leaves  of  the  Sarracenia  flava  and 
nave  of  entrapping  insects.     These  plants  grow  abun- 
in  the  flat  country  of  South  Carolina.     The  leaves  are 
,  and  several  feet  in  length.     In  the  months  of  May, 
)r  July,  when  these  leaves  perform  their  extraordinary 
as  in  the  greatest  perfection,  if  some  of  them  be  removed 
mse  and  fixed  in  an  erect  position,  it  will  soon  be  per- 
that  flies  are  attracted  by  them.    These  insects  imme- 
approach  the  fauces  of  the  leaves,  and  leaning  over  their 
appear   to   sip  with   eagerness  something  from  their 
\  surfaces.     In  this  position  they  linger ;  but  at  length 
as  it  would  seem,  by  the  pleasure  of  taste,  they  enter  the 
The  fly,  which  has  thus  changed  its  situation,  will  be 
stand  unsteadily ;  it  totters  for  a  few  seconds,  slips,  and 
the  bottom  of  the  tube,  where  it  is  either  drowned,  or 
&  in  vain  to  ascend  against  the  points  of  the  hairs.    The 
om  takes  wing  in  its  fall  and  espapes.  But  this  sometimes 
3,  especially  where  the  hood  has  been  removed  to  assist 
tion.     In  a  house  much  infested  with  flies,  this  entrap- 
)es  on  so  rapidly  that  a  tube  is  filled  in  a  few  hours,  and 
nes  necessary  to  add  water,  the  natural  quantity  being 
lent  to  drown  the  imprisoned  insects. 
jause  which  attracts  flies  is  evidently  a  sweet  viscid  sub- 
resembling  honey,  secreted  by,  or  exuding  firom,  the 
.  surface  of  the  tube.    On  splitting  a  leaf,  it  may  readily 
overed  in  front,  just  below  the  margjin,  and  in  greatest 
f  at  the  termination  of  the  ala  ventralis.  From  the  margin 
t  commences,  it  does  not  extend  lower  than  oive-fouttSci 
ach.    During  the  vemd  and  summer  moutbis,  \t  \^  N^rj 


150  Sdentific  Intelligence*  V^^^* 

perceptible  to  the  eye  and  the  touch ;  and  althongh  it  may  be 
sometimes  not  discoverable  by  either,  yet  the  sensation  of  sweet- 
ness is  readily  perceived  on  applying  the  tongue  to  this  portion 
of  surface,  in  warm  and  dry  weather/  it  becomes  inspissated, 
resembling  a  whitish  membrane.  The  falling  of  the  insect  as 
soon  as  it  enters  the  tube  is  wholly  attributable  to  the  downward 
or  inverted  position  of  the  hairs  of  the  internal  surface  of  die 
leaf.  At  the  bottom  of  a  tube  split  open,  the  hairs  are  plainly 
discernible  pointing  downwards ;  and  as  the  eye  ranges  upwards, 
they  become  gradually  shorter  and  attenuated,  tiu  at,  or  just 
below,  the  surmce  covered  with  the  bait,  they  are  no  longer  per- 
ceptible to  the  naked  eye,  nor  to  the  most  delicate  touch.  It  is 
here  that  the  fly  cannot  take  a  hold  sufficiently  strong,  but  falls. 
The  putrid  masses  of  insects  collected  in  the  leaves  of  these 
plants,  probably  serve  some  purpose  beneficial  to  the  growth  of 
the  vegetable  ;  but  what  that  purpose  is  would  not  be  ah  easy 
task  to  conjecture. 

XII.  British  Species  of  Roses. 

It  appears  from  a  paper  by  Mr.  Joseph  Woods,  in  the  12th 
volume  of  the  Linnsean  Transactions,  p.  159,  that  the  indigenous 
British  species  of  roses  amount  to  26.    The  following  are  the, 
names  of  these  species  as  given  by  Mr.  Woods. 

1.  Rosa  cinnamomea.    Tound  near  Pontefract. 

2.  rubella.    Northumberland  and  Scotland. 

3.  •—  spinosissima. 

4.  — —  involuta.    Arran  and  west  of  Scotland. 
5. doniana.    Found  by  Mr.  6.  Don  on  the  mountains 

ofClova. 

6.  — —  gracilis.  Villosa  of  English  Botany.    Darlington. 

7.  —  Sabini.    Near  Dunkeld. 

8. villosa.  MoUis  of  English  Botany.  Near  Edinburgh. ; 

9.  — -—  scabriUscula.    Northumberland  and  Scotland. 

10.  — —  heterophylla.    Near  Edinburgh. 

11.  pulchella.    Ingleton,  Yorkshire. 

12.  ■    ■  tomentosa. 
13. nuda.    Near  Ambleside,  Westmoreland. 

14.  — —  Eglanteria.    Rubiginosa  of  EngUsh  Botany.    Kent. 

15.  —  micrantha. 

16.  —  Borreri.    Near  Edinbuigh. 

17.  '  csesia.    Argyleshire. 

18. sarmentacea. 

19. bractensis.    Ulverton,  Lancashire 

20.  —  dumetorum. 

21.  collina. 

22.  — r-  hibemica.     In  Ireland. 

23.  '  canina. 

24.  —  surculosa.     Sussex  and  Kent. 
26.  — — .  systilla.    CoUina  of  Eaglish  Botany,  M 

26.  --—  arvensis. 
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XIII.  Effect  of  Common  Salt  on  the  Solubility  of  Nitre  in  Water. 

A  curious  set  of  experiments  on  this  subject  has  been  recently 
pubtished  by  M.  Lon^champ.  I  shall  here  state  some  of  the  most 
remarkable  facts  which  he  nas  ascertained. 

At  the  temperature  of  39^,  the  specific  gravity  of  a  s&turated 
Bolation  of  nitre  and  common  salt  is  1*3057.    It  is  composed  Of 

Water 61-74 

Nitre 16-06 

Common  salt 22*20 . 

100*00 

Now  61-74  parts  of  water,  of  the  temperature  39**,  are  capable 
of  dissolving  only  9-823  parts  of  nitre  ;  so  that  the  solubility  of 
the  nitre  was  increased  by  the  presence  of  the  common  salt  ia 
the  ratio  of  153  to  100.  Probably  at  lower  temperatures,  the 
solubility  of  nitre  in  water  would  be  doubled  by  the  presence  of 
common  salt. 

At  the  temperature  of  644-^,  the  sp.  gr.  of  a  saturated  solution 
of  nitre  in  distilled  water  is  1*151.     It  is  composed  of 

Water 78*37 

Nitre 21*63 

100-00 

The  following  table  exhibits  the  effect  of  the  addition  of 
common  salt  (added  in  different  proportions)  upon  the  power  of 
such  a  solution  to  dissolve  additional  qui^itities  of  nitre.  Tne 
temperature  is  always  supposed  to  be  64^^.  The  first  colurnn 
gives  the  quantity  ofsolution  of  nitre  employed ;  the  secon4  that 
of  common  salt  added ;  the  third  that  of  the  nitre  dissolved,  in 
consequence  of  the  presence  of  the  common  salt ;  the  fourth 
that  of  the  nitre  in  solution  in  the  liquid  employed  ;  the  fifth  the 
total  of  saltpetre  in  the  liquid,  including  both  the  original  quantity 
and  the  new  quantity  rendered  soluble  by  the  common  salt. 
The  sixth  column  gives  the  specific  gravity  of  this  compound 
liquid,  containing  both  nitre  and  common  salt. 


Qoantity  of 
•olatioBS  of 
nitre      em- 

Common 
salt  added. 

Nitre  dissolv- 
ed by  meaos 
of  tlie  common 

Nitre   in    the 
original  sola- 
tion. 

Total       nitre 
dissolved. 

Sp.  gT.  of  the 

solutions. 

ployed. 

salt. 

Grammes. 

Grammes. 

Grammes. 

Grammes. 

Grammes. 

Grammes, 

100 

6-00 

0*746 

21.63 

22  376 

11871 

too 

lOKX) 

1*267 

21-63 

22*897 

1-2212 

too 

15-00 

1*658 

21-63 

23*288 

i-2523 

too 

80-00 

1-827 

21-63 

23-457 

1-2832 

too 

25*00 

2-583 

21-63 

24*213 

1-3096 

100 

86-85             3*220 

21-63 

24*850 

1-3290 

M.  Longchamp  considers  this  increased  aoluVvAilv  q(  \)cie  \i\\£^. 
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as  occasioned  by  the  mutual  decomposition  of  the  two  salts  by 
each.other. — (Ann.  de  Chim.  et  Phys.  ix.  10.) 

XIV.  Constituents  qf  Saltpetre. 

In  a  late  number  of  the  Annak  of  Philosophy y  I  inserted  a  set 
of  experiments  on  the  analysis  of  this  salt  by  Berthollet;  and 
contrasted  his  results  with  those  of  Dr.  Wollaston,  and  my  own. 
These  three  sets  of  experiments  were  mad^  iii  a  different  way. 
Dr.  Wollaston  saturated  a  given  weight  of  bicarbonate  of  potash 
with  nitric  acid,  and  determined  the  weight  of  the  nitre  formed. 
Berthollet  decomposed  a  given  weight  of  saltpetre  by  heat,  and 
measured  the  volume  of  oxygen  and  azotic  gases  evolved.  I 
decomposed  a  riven  weight  of  nitre  by  sulphuric  acid,  and  deter- 
mined the  weight  of  me  sulphate  of  potash  formed.  It  is 
probable  that  none  of  these  methods  is  susceptible  of  absolute 
precision.  But  if  each  of  them  were  performed  with  as  much 
accuracy  as  the  experiment  would  admit,  the  mean  of  the  results 
obtainea  by  the  three  methods  would,  in  all  likelihood,  give  us 
the  true  result.  Dr.  WoUaston's  method  has  been  recently 
repeated  by  M.  Longchamp.    He  found  nitre  composed  of 

Nitric  ^cid 53-297 

Potash 46-703 

100-000 
(Ann.  de  Chim.  et  Phys.  ix.  27.) 

This  result  does  not  differ  much  from  that  obtained  by  Dr. 
Wollaston;  namely. 

Acid 53-243 

Potash 46-457 


100-000 


If  an  atom  of  nitric  acid  weigh  6-75,  and  an  atom  of  potash 
6,  as  I  conceive  them  to  dp,  then  the  true  composition  of  nitre 
must  be, 

Acid 53-726 

Potash. 46-274 

100-000 

Dr.  WoUaston's  numbers  approaching  more  nearly  to  these 
than  the  numbers  given  by  Longchamp,  I  consider  them  as 
nearer  the  truth.  Indeed  Dr.  Wollaston's  results  do  not  differ 
-^j^th  part  fronj  the  theoretical  composition  of  nitre.  Now  lam 
afraid  that  it  is  scarcely  possible  to  come  nearer  the  truth  than 
this  by  a  single  direct  experiment.  Chemical  precision,  like 
astronomical,  can  be  looked  for  only  from  the  mean  of  a  great 
number  of  experiments  so  contrived  that  the  errors  must  oi 
necessity  fall  on  different  sides. 
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XV.  Morphia. 

An  account  of  the  original  experiments  of  Sertumer  on  tha 
infusion  of  opium,  his  method  of  extracting  morphia  and  meconic 
acid  from  that  infusion,  and  the  subsecj^uent  trials  of  Robiquet 
and  Vogel,  have  been  already  given  m  this  journal.  But  no 
account  has  yet  appeared  in  Engush  of  the  results  obtained  by 
M.  Franz  Anton  Uhoulant,  though  they  have  been  pubhshed  at 
least  a  year  a^o  in  Gilbert's  AnnSen  (Ivi.  342).  As  these  expe- 
riments are  tne  most  minute,  and  probably  the  most  precise 
that  have  been  yet  made,  I  shall  in  tnis  and  some  of  the  follow- 
ing notices  state  the  principal  facts  contained  in  his  paper. 

1 .  Method  of  procuring  Morphia. — Four  oimces  of  well-dried 
and  pounded  opium  were  digested  in  repeated  quantities  of 
cold  oistiiled  water  till  the  liquid  amounted  to  the  quantity  of 
about  16  English  pints.  This  infusion  was  evaporated  by  a 
gentle  heat  on  the  sand-bath  in  a  glass  vessel  till  it  was  reduced 
to  eight  ounces.  The  whole  was  then  poured  into  a  porcelain 
evaporating  dish.  After  standing  at  rest  for  eight  hours  in  ai 
temperature  between  54°  and  77^,  six  grains  of  small  crystals 
were  deposited,  which  possessed  the  properties  of  sulphate  of 
lime.  The  whole,  being  evaporated  to  dryness,  was  redissolved 
in  four  ounces  of  distilled  water,  with  the  exception  of  a  small 

Juantity  of  brownish- coloured  resin.  Oxalate  ot  ammonia  being 
ropped  into  the  solution,  it  became  muddy,  and  a  precipitate 
fell,  which  weighed,  when  dry,  3^  gr.  After  this  precipitate 
had  been  separated;  muriate  of  barytes  was  added,  as  long  as  it 
occasioned  a  precipitate.  This  last  precipitate,  being  separated 
and  dried,  weighed  two  grains. 

The  solution  was  now  diluted  with  eight  pints  of  distilled 
water,  and  caustic  ammonia  poured  in  as  long  as  any  precipitate 
continued  to  fall.  The  precipitate  thus  obtained  was  white  and 
flocky.  After  standing  two  hours,  it  became  granular  and 
brown.  It  weighed  six  drams.  It  dissolved  completely  in  eight 
ounces  of  distilled  vinegar,  and  was  precipitated  by  caustic 
ammonia  without  any  alteration  in  its  colour  or  its  weight.  Upon 
this  precipitate,  one  ounce  of  sulphuric  ether  was  poured ;  the 
mixture  swelled  up  considerably.  It  was  thrown  upon  a  white 
paper  filter.  In  the  course  of  an  hour  and  a  half,  a  deep  black 
liquid  ran  through,  which  weighed  half  an  ounce.  It  had  a 
strong  ammoniacal  smell,  burned  very  readily,  and  left  a  bulky 
charcoal  behind  it. 

The  matter  remaining  upon  the  filter  had  a  frothy  appearance; 
but,  when  dry,  it  was  in  the  state  of  a  very  fine  powder,  and  had 
lost  much  of  its  dark  colour.  It  now  weighed  4f  drams.  This 
powder  was  digested  three  times  in  caustic  ammonia,  and  as 
often  in  alcohol.  Both  of  these  liquids  acquired  a  dark-brown 
colour,  and  left  the  morphia  in  the  state  of  a  brownish-wjiit^ 
powder,  ^educed  to  the  weight  of  three  dran^s. 
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This  powder  was  dissolved  in  12  ounces  of  boiling  alcohol. 
The  filtered  solution  being  set  aside  for  18  hours,  deposited 
colourless,  transparent  crystals,  consisting  of  double  pyramids. 
These  crystals  weighed  75  gr.  and  consisted  of  morphia  in  a 
state  of  purity..  The  alcohouc  solution  >being  evaporated  to  two 
ounces,  deposited  one  dram  of  morphia,  similar  to  its  state 
before  its  solution  in  the  alcohol.  When  still  further  concen- 
trjEited,  15  gr,  of  yellow-coloured  morphia  were  obtained.  The 
crystals  of  morpnia  .  thus  obtained  contained  no  traces  of 
ammonia. 

2.  Propertiesof  Morphia. — It  crystallizes  in  double  four-sided 
pyramids,  whose  bases  are  squares,  or  rectangles.  Sometimes 
m. prisms  with  trapedoizal  bases. 

it  dissolves  in  82  times  its  weight  of  boiling  water,  and  the 
solution  on  cooling  deposits  regular,  colourless,  transparent 
crystals. 

it  is  soluble  in  36  times  its  weight  of  boiling  alcohol,  and  in 
42  times  its  weight  of  cold  alcohol  of  92°. 

It  is  soluble  in  eight  times  its  weight  of  sulphuric  ether. 

All  these  solutions  change  the  infusion  of  Brazil  wood  to  violet, 
and  the  tincture  of  rhubarb  to  brown. 

They  have  a  bitter  and  peculiar  stringent  taste,  and  the  satu- 
rated solutions  of  morphia  in  alcohol  and  ether,  when  rubbed 
upon  the  skin,  leave  a  red  mark. 

The  following  are  the  salts  of  morphia  examined  by  Choulant. 

{I.)  Sulphate  of  Morphia. — It  crystallizes  in  prisms,  dissolves 
in  twice  its  weight  of  distilled  water,  and  is  composed  of 

Acid 22 6-00 

Morphia 40  9-09 

Water 38 

Too 

(2.)  nitrate  of  Morphia. — ^Needle-form  crystals  deposited  in 
stars.  Soluble  m  \\  times  its  weight  of  distilled  water.  Qovf 
stituents. 

Acid 20   6-75 

Morphia. 36   1215 

Water 44 

«  « 

100 

(3.)  Muriate  of  Morphia. — Feather-shaped  crystals  and 
needles.  Soluble  in  10^  times  its  weight  of  distilled  water- 
Constituents, 

Acid 35  4-625 

Morphia 41   6-132 

Water 24 

100 
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(4.)'^Acetate  of  Morphia. — Crystallizes  in  needles.  SoluUe 
in  its  own  weight  of  water^    Constituents, 

Acid 36   6-376 

Morphia ...44   •  7-791 

.     Water 20 

loo 

(5).  Tartrate  of  Morphia. — CiystaUizes  in  prisms.  Soluble 
in  thrice  its  weight  of  water.    Constituents, 

Acid. 42   8-875 

Morphia 36  7-178 

Water 22 

100 

(6.)  Carbonate  of  Morphia. '^Ctysteis  short  prisms.  Soluble 
in  four  tinges  its  weight  of  water.    Constituents, 

Acid 28   2-76 

Morphia 22  ,..  2-16 

Water 60 

llOO 

XVI.  On  the  Equivalent  Number  for  Morphia. 

From  the  nimibers  which  I  have  annexed  to  the  preceding 
analyses  of  Choulant,  indicating  the  weight  of  the  atoms  of  the 
acids,  and  the  corresponding  number  for  morphia,  it  is  obvious 
that  the  analyses  are  vBry  far  from  correct;  for  we  obtain  apecu- 
liai*  number  for  morphia  Yrom  each  salt.  These  nmnbers  ^e  as 
follows  : 

From  the  sulphate 9*009 

nitrate 12-150 

muriate  ..••..••     6*132  . 

acetate 7*791 

tartrate 7*178 

carbonate 2*160 

The  number  from  the  carbonate  differs  so  {^r  from  the  rest 
that  we  must  exclude  it.  It  is  obvious  that  the  substance  exa- 
mined must  either  have  been  a  mixture,  or  a  subsalt.  The  mean 
deduced  from  the  remaining  five  salts,  gives  us  8*268  for  the 
weight  of  an  atom  of  morphia.  In  the  present  state  of  the 
investigation,  we  may  take  8*25  as  an  approximation  to  the 
weight  of  an  atom  of  morphia ;  but  in  all  probability  it  is  not  a 
very  near  one.  Choulant's  experiments  must  have  been  made 
upon  too  small  a  scale  to  expect  accurate  numerical  results. 
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In  taking  the  monthly  mean  of  the  observations,  that  on  the 
morning  olthe  26th  is  rejected,  being  so  much  in  excess,  for 
which  were  was  no  apparent  caime. 
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Bain  by  the  pluviameter,  between  noon  the  Ist  of  De«. 
■1818  and  noon  the  let  of  Jan  1819,  1*216  inch.  Tlie  quan- 
tily  lliBt  fell  on  the  roof  of  my  ObBervatory,  during  the  Bams 
p^od  1*231  inch.  Evaporation  between  noon  the  Ist  of 
Ute.  1818,  and  noon  the  let  Jan.  1819,  0-63  inch. 
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REMARKS. 

Twelfth  Jlfon^A.— 21.  Much  wind  about  three,  a.  m.  with  a  little  raia  :  a  verr 
foe  day  ensued:  CirroeunhtluSf  with  bright  sunshine.  £2;  White  frost:  foggy, 
a.in. :  clearer,  p.m.  with  Ctrru«:  rime  on  the  trees.  83.  White  frost :  rime  to 
the  tree  tops:  misty,  a.  m. :  sun  very  bright  at  noon:  much  fog  to  the  sootb. 
24.  Very  foggy :  rime  still  on  the  trees.  30.  White  frost.  31.  A  very  fine  day. 
1819.  First  Month. — 1.  Very  foggy,  with  the  addition  of  obscurity  fromsmolLC 
S.air:  rather  overcast  sky.  4.  Much  rime  on  the  trees:  rather  misty  air. 
6.  Somewhat  misty :  the  melted  rime  forming  puddles  under  the  trees.  6.  Fine 
day:  at -night,  small  portions  of  cloud  were  observed  to  pass  swiftly  under  the 
Bioon.  7.  The  suu-rise  was  attended  with  a  veil  of  Cirrus  clouds  passing  to  Gtrro- 
siratuSf  very  red  and  lowering :  about  noon  came  Cumuli  and  other  clouds,  with  a 
l^le  and  showers.  8.  Fine  day  :  night  windy,  with  some  rain.  9.  Hazy,  a.in. 
-with  drrostratus  and  wind  :  heavy  showers,  p.  m. :  very  clear  night.  10.  Orer- 
cast  soon  after  sun-rise,  with  wind  :  the  fore  pan  of  the  night  very  stormy.  II.  A 
wet  squall  this  morning :  fair  day,  with  Cirrus  and  wind.  12.  Fair  momiBg,witIi 
■light  hoar  frost :  the  gale  has  subsided.  IS.  Slight  hoar  frost :  very  fine  day:  at 
evening,  windy  again.  14,  15.  Windy,  with  some  showers.  16.  A  fine  dryiofs 
wind,  a.  m.  with  Cirrus  and  drrostnUus  in  delicate  striae ;  also  transient  Cirrooh 
muluf  at  a  great  elevation :  a  stormy  night  followed,  17.  A  very  tempestooos 
day  ;  the  rain  ceasing  for  a  while,  a.  m.  I  observed  drrostratus  around  lai^e 
Cufitttft',  rising  and  separating,  as  if  the  shower  had  beeu  produced  by  their  previous 
inosculation :  much  wind  in  the  night.  18.  A  fine,  drying  day,  with  the  wild 
■tore  moderate,  and  an  overcast  sky. 


RESULTS. 

Winds  Variable  and  gentle,  with  fogs  in  the  fore  part ;  in  the  latter,  stroi^  sovtii' 

west  galesy  with  rain. 

Barometer:  Greatest  height S0*60inches. 

Least , S9*25 

Mean  of  the  period S0«068 

Thermometer:  Greatest  height SS9 

Least 22 

Mean  of  the  period 35*86 

Mean  of  the  Hygrometer 82 

Rain l*22inchcs. 

Evaporation,  about. ••••.. 0*50  inches. 


ToTTxmiAM,  First  Month,  26^  1819.  L.  HO  WARD. 
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Article  I« 


Searches  on  the  Measure  of  Temperatures^  and  on  the  Laws  of 
the  Communication  of  Heat*    By  MM.  Dulong  and  Petit. 

(Continued  from  p,  124.) 

Of  the  Dilatation  of  Solids. 

iP  we  compare  the  results  of  the  preceding  table  with  those 
that  we  have  given  in  Table  I,  it  will  be  seen  that  the  doubts 
which  we  raised  respecting  the  rate  of  the  mercurial  thermo-^ 
meter  were  not  without  foundation ;  and  that  the  laws  of  the 
dilatation  of  the  envelope  of  this  instrument^  and  of  the  liquid 
which  it  contains^  are  very  distinctly  different^  when  we  consider 
a  great  interval  of  temperatm*e.  When  the  air  thermometer 
marks  300^  on  its  scale^  mercury  taken  absolutely  would  mark 
314*  15° ;  while  the  common  thermometer />nly  marks  307"64°. 

The  preceding  determinations  are  so  much  the  more  interest- 
ing, because  they  may  lead  to  the  knowledge  of  the  absolute 
dictation  of  several  soUd  bodies.  Nothing  more  is  necessary 
than  to  ascertain  the  difference  between  the  expansion  of  mercury 
and  each  of  these  bodies. 

This  is  easily  obtained  with  respect  to  glass ;  for  the  differ* 
ence  in  question  is  merely  the  apparent  dilatation  of  mercury  in 
that  body.  Though  this  dilatation  hasj»een  alrea4y  the  object 
of  a  great  many  detenninations,  we  have  thought  it  necessary  to 
undertake  it  ourselves  with  all  the  care  that  such  experiments 
require.  For  this  purpose,  we  employed  a  tube  ot  about  ^ 
decimetres  in  length,  and  capable  of  holding  about  700  grammes 
of  mercury..  This  tube  was  shut  at  one  of  its  extremities^  and 
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at  the  other  was  tenninated  by  a  capillary  tube,  whose  capacitj 
was  an  insignificant  fraction  of  that  of  the  principal  tube. 

The  whofe  apparatus  bein£  filled  with  mercury,  and  caietbih 
fireed  from  air  and  moisture  oy  repeated  boiliiigSy  we  determined 
the  weight  of  the  mercury  which  was  driven  out,  when  tiie 
temperature  was  raised  firom  fireezing  to  boiling  water.  We 
shdl  be  able  to  appreciate  the  accuracy  of  this  process,  if  we 
remark  that  the  portion  of  the  mass  which  does  not  participate 
in  the  heating  is  insensible,  and  that  the  horizontal  position  of 
the  tube  allows  us,  in  the  case  of  boiling  water,  to  apply  to  its 
temperature  the  correction  depending  upon  the  barometrical 
pressure. 

This  experiment,  repeated  five  times  on  different  quantitiesi 
furnished  for  the  dilatation  sought  numbers  almost  identical,  the 
mean  of  which  is  given  below.  Nor  have  we  found  any  ajqpre- 
ciable  difference  between  the  effects  observed  in  tuba  of 
ordinary  glass  obtained  from  different  manufactories,  wfaatefer 
was  their  calibre  or  their  thickness. 

The  values  of  the  apparent  dilatation  at  200^  and  at  300^, 
have  been  deduced  from  the  preceding  comparison  made  of  the 
scales  of  the  mercurial  and  air  thermometers. 


TABLE    III. 


A«m  dM  dilatatioB  ol 
■ir. 


I  Mean  appamit  dliUtatioM 
Mcimiy  im  gin*. 


100° 

200 

300 


ofJAbaalate  4ilatalMiw  of  gla 
fa  TaloBM. 


TTTTT 
T3TT 


9  03  do 


TcinMntaret 
AeAlatatioa  •fglMi 

poinl  aiiiftifi)  I 


100-0« 

213-2 

352-9 


The  first  two  columns  of  this  table  require  no  explanation. 
We  perceive  in  them  the  apparent  dilatation  of  mercury  in  glass, 
between  0^  and  100^,  a  httle  less  than  that  of  MM.  Lavoisier 
end  Laplace,  who  appear  to  have  adopted  •oW*  ^^  expected 
a  difference  on  the  side  in  which  it  has  taken  place ;  for  in  the 
work  in  which  this  last  determination  is  stated,  the  authors  have 
taken  care  to  inform  us  that  they  suspected  it  to  be  too  great, 
because  they  did  not  boil  the  mercury  in  the  vessel  which  they 
employed.  The  absolute  dilatation  of  mercury  which  they 
deduced  from  it,  and  which  has  been  generally  employed  since, 
ought,  therefore,  to  be  too  great  also,  and  this  is  coimrmed  by 
the  result  contained  in  Table  II.  The  third  column  gives  the 
dilatations  of  glass  obtained  by  the  method  in£cateia  dbote. 
This  dilatation  is  increasing ;  but  between  0^  and  100^,  we  find 
it  as  stated  by  Lavoisier  and  Laplace.  The  last  cokmm  con^ 
tains  the  degrees  which  would  be  indicated  by  a  thermometer 
formed  of  adass  plate,  whose  increase  in  length  would  serve  si 
a  measure  of  temperatures.    We  see  by  the  deviatioa  irtnch  htf 
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already  taken  place  at  300^,  how  far  the  dilatation  of  glass  is 
from  being  uniform. 

The  same  process  seems  capable  of  being  employed  to  measure 
the  expansion  of  iron^  by  enclosing  the  mercury  m  an  iron  res- 
seL  But  our  attempts  in  this  way  not  having  completely 
succeeded,  we  had  recourse  to  the  foUowins  method.  In  a  glass 
tube  of  18  millimetres  in  diameter  and  6  decimetres  in  length, 
and  shut  at  one  of  its  extremities,  we  introduced  a  cylindncal 
rod  of  iron,  which  was  contained  in  the  axis  of  the  tube  by  four 
small  traverses  of  a  length,  almost  equal  to  the  diameter  of  the 
tube.  After  having  cemented  to  the  extremity  of  the  tube 
another  capillary  tube,  we  filled  it  entirely  with  mercury,  which 
was  boiled  for  a  sufficient  time  to  drive  out  completely  the  air 
and  humidity.  By  exposing  it  then  to  different  temperatures, 
and  determining  the  weight  of  the  mercmy  which  was  driven 
out,  it  is  easy  to  deduce  ue  dilatation  of  the  iron ;  for  the  volume 
driven  out  represents  obviously  the  sum  of  the  dilatations  of  the 
mercury  and  the  metal,  dimimshed  by  the  dilatation  of  the  glass. 
To  make  the  calculation,  it  is  necessary  to  know  the  volumes  of 
these  three  bodies  at  the  temperature  of  freezing  water;  but  that 
of  the  iron  is  obtained  by  dividing  its  weight  oy  its  density  at 
zero.  We  deduce  in  the  same  manner  the  volume  of  the  glass 
from  the  quantity  of  mercuiy  which  fills  it  at  zero.  That  of  the 
mercury  is  obviously  the  difference  of  the  first  two. 

The  process  which  we  have  just  pointed  out  may  be  applied 
likewise  to  other  metals,  taking  the  precaution  merely  to  oxidize 
their  surface,  to  hinder  the  dissolving  action  of  the  mercury.  It 
is  obvious  that  the  coating  of  oxide  is  so  small  that  it  can  pro- 
duce no  change  in  the  result.  This  method  succeeded  very 
well  with  us  for  copper,  and  we  regret  that  we  had  not  time  to 
try  the  other  metals.  When  we  know  with  precision  the  expan^ 
sion  of  a  solid  body,  we  easily  deduce  from  it  that  of  others,  by 
Btudyins  the  expansion  of  a  metaUic  pyrometer  formed  by  the 
union  of  two  rules  united  in  an  invariable  manner  by  one  of  theif 
extremities.  In  this  way  we  measured,  in  a  new  series  of  expe« 
riments,  the  dilatations  of  a  platinum  rule  by  uniting  it  to  a  rule 
of  copper.  The  dilatation  of  this  last  metal  already  found 
was  verified  by  uniting  a  rule  of  copper  to  one  of  glass. 

We  have  collected  in  the  foUowmg  table  the  results  obtained 
by  these  different  researches.  It  contains  the  mean  dilatations 
of  iron,  copper,  and  platinum,  taken  at  first  between  0°  and  100^, 
and  then  between  0°  and  300°.  We  have  not  given  any  inter- 
mediate determination,  because  the  sole  object  which  we  had  in 
view  was  to  assign  the  degrees  in  which  the  different  thermome- 
tric  scales  differ  firom  each  other.  But  in  order  to  make  the 
results  more  evident,  we  have  deduced  from  each  dilatation  the 
temperature  which  would  result  if  we  suppose  the  expansion  of 
the  body  unifbnn.  They  are  the  temperatures  whicn  th^rmo- 
meters  amstmcted  of  these  bodies  would  indicate. 

l2 
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100-0° 
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dilatadoBofpla- 


of  a  fbtor 
tfm  nd. 


100-0° 
311-6 


When  we  compare  these  results  with  those  which  we  have 
already  obtained  for  glass,  we  see  that  the  dilatability  of  solidB| 
referred  to  an  air  thermometer,  is  increasing ;  and  that  it  is 
unequally  so  in  each  of  them.  This  consequence,  which  we 
have  already  pointed  out  in  the  memoir  above  quoted,  is  now, 
therefore,  fully  confirmed. 

We  conceive  that  we  have  attained  in  what  precedes  the 
highest  degree  of  accuracy  consistent  with  such  delicate 
measurements.  This  becomes  evident  by  comparing  the  num- 
bers which  we  give  for  the  dilatation  at  100°,  with  those  whidi 
have  been  given  by  Lavoisier  and  Laplace.  We  shall  add  only 
a  single  observation.  In  the  direct  measurement  of  the  dilata- 
tion of  solids,  the  uncertainty  is  tripled,  when  we  pass  .from 
hnear  expansion  to  expansion  m  volume.  As  our  determinations 
give  this  last  immediately,  the  error  committed  is  not  increased. 

Of  the  Specific  Heat  of  Solids  at  different  Temperatures. 

From  the  results  of  the  preceding  researches,  we  see  that 
if  we  refer  a  series  of  any  phenomena  whatever  to  a  thermometer 
taken  successively  from  the  gases,  the  hquids,  and  the  solids, 
each  species  of  instrument  would  lead  to  a  particular  law.  It  is 
not  then  indifferent  to  employ  any  thermometer  whatever,  if  we 
wish  to  arrive  at  the  most  simple  law;  or  if  we  wish  to  represent 
the  phenomena  by  measures  which  have  from  their  nature  the 
most  direct  relations  with  them.  But  to  be  able  to  determine 
in  this  respect,  we  must  know,  how  much  the  capacities  of  all 
bodies  vary  in  each  of  the  thermometric  scales  which  we  have 
made  known. 

From  the  time  that  Black  established  the  notion  of  capacities, 
a  great  number  of  philosophers  have  endeavoured  to  attain 
greater  and  greater  precision  in  the  numerical  determinations 
relative  iM  each  substance,  and  to  include  in  their  tables  bodies 
not  hitherto  subjected  to  experiment.  The  experiments  of  Wilke, 
of  Crawford,  of  Meyer,  and  especially  of  Lavoisier  and  Laplace, 
are,  as  is  kno>yn,  the  most  remarkable  of  all  those  which  hav«i 
been  published  on  this  subject.  Deluc  and  Crawford,  supposing 
an  ideal  thermometer  in  which  the  capacities  were  constant, 
compared  its  indications  with  those  of  a  mercurial  thermometer 
to  judge  of  the  accuracy  of  this  last.  Almost  all  their  experi- 
ments are  referable  to  mixtures  of  liquids,  below  the  temperature 
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of  boiling  water.  We  Bee  that,  reversing  the  question,  this  comes 
to  ascertaining  whether  the  capacities  of  these  Uquids  remain 
constant  when  we  measure  the  temperatures  by  a  mercurial 
thermometer.  The  results  of  these  two  philosophers  are  different. 
According  to  the  former,  there  is  a  sUght  variation  in  the  capa- 
city of  water  in  the  interval  of  the  first  100°.  The  second,  on 
the  contrary,  admits  that  the  capacities  are  constant.  This 
discordance  proves,  that  within  the  hmits  in  which  the  experi* 
ments  were  made,  the  variation  of  the  capacity  of  bodies,  if  it 
exists,  is  very  small.  But  such  experiments  are  by  far  tqb 
limited  to  warrant  us  to  conclude  with  Crawford,  that  the  same 
principle  extends  to  all  temperatures. 

Mr.  Dalton,  who  has  considered  the  question,  in  his  ingenious 
work  that  we  have  already  quoted,  affirms  that  the  capacity  of 
the  same  mass  of  matter  does  not  remain  constant,  because  a 
part  of  the  heat  is  expended  in  producing  the  dilatation ;  but 
that  it  remains  invariable,  if  we  consider  the  same  volume. 

This  assertion  of  Dalton  is  not  founded  on  any  direct  experi- 
ment, and  may  be  considered  as  a  simple  conjecture,  which  is  in 
imison  with  his  other  ideas  about  the  measure  of  temperatures. 
We  shall  discuss  immediately  the  principles  upon  which  the 
whole  of  his  theory  rests. 

It  is  obvious  tnat  this  problem  cannot  be  solved  without 
embracing  a  much  greater  extent  of  thermometric  scale  than  has 
been  hitherto  done.  Accordingly,  the  experiments  which  we 
are  about  to  give  an  account  of  were  all  made  on  an  interval  of 
300°  or  even  350°. 

The  season  of  the  year  in  which  we  have  been  obUged  to 
devote  ourselves  to  these  researches  not  permitting  us  to  employ 
conveniently  the  melting  of  ice,  we  have  always  employed  the 
method  of  mixtures ;  but  with  all  the  precautions  requisite  to 
insure  their  accuracy. 

The  bodies  whose  capacity  we  have  determined,  required  to 
be  taken  from  among  the  metals  most  difficult  of  fusion.  The 
homogeneity  and  the  more  perfect  conductibiUty  of  these  sub- 
stances rendered  them  more  proper  than  any  other  for  the  object 
which  we  had  in  view.* 

One  of*  the  greatest  difficulties  to  which  this  kind  of  experi- 
ment is  subject  is  the  exact  determination  of  the  temperatures. 
We  have  always  employed  boiling  water  to  get  the  capacity 
below  that  term;  and  wnen  the  nature  of  the  bodies  allowed  us 
to  plunge  them  in  boiling  mercury,  we  made  use  of  this  second 
term,  as  fixed  as  the  first,  and  which  had  been  determined  with 
the  greatest  care,  as  we  have  before  stated. 

But  when  the  substance  was  soluble  in  mercury,  we  heated  it 
in  an  oil  bath,  which,  from  the  way  in  which  our  apparatus  was 

•  Each  of  the  metals  got  the  form  of  a  flat  plate,  in  order  to  present  the  mw« 
mrface.    These  differeac  pistes  weighed  from  one  to  three  ki\o(;cas&meft. 
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disposed,  could  preserve  a  stationary  temperature  for  about  a 
quarter  of  an  hour. 

Finally,  to  avoid  the  error  which  would  have  been  occamoned 
by  the  unequal  temperature  of  different  points  of  the  mass^  wd 
continually  agitatea  the  hauid,  when  at  the  maximum  tempera- 
ture ;  and,  by  means  of  a  tnermometer  of  a  constant  voliune,  we 
bad  exactly  the  mean  temperature,  which  must  be  likewise  that 
of  the  body.  The  fixed  oils  acquiring,  as  is  known,  a  very  great 
fluidity,  when  they  are  very  hot ;  the  coat  of  them  which  remains 
attached  to  the  body  plunged  into  them  is  very  thin.  However, 
we  did  not  neglect  to  take  into  view  the  heat  coming  from  this 
addition  of  matter,  though  in  most  cases  the  correction  was 
exceedingly  small  indeed.* 

When  the  body  subjected  to  experiment  had  been  raised  to  a 
certain  temperature,  measured  by  the  means  just  stated,  it  was 
plunged  as  rapidly  as  possible  into  a  great  mass  of  water,  simI 
the  temperature  of  this  liquid  was  observed  as  soon  as  the  eqm- 
librium  was  established.  It  was  in  the  measurement  of  tbis 
temperature  that  it  was  necessary  to  apply  the  greatest  jMrecan- 
tions,  in  order  to  obtain  results  on  which  dependance  could  be 
put.  We  always  employed  so  great  a  quantity  of  water  that  the 
mcrease  of  temperature  never  exceeded  five  or  six  centigrade 
degrees.  To  measure  it,  a  thermometer  was  employed  whose 
divisions  corresponded  to  the  hundredth  part  of  a  degree.  The 
water  was  contained  in  a  very  thin  vessel  of  tin  plate,  placed 
insulated  upon  three  points.  This  vessel  participated  in  every 
case  of  the  heat;  but  as  its  weight  and  its  specific  heat  were 
accurately  known,  it  was  easy  m  all  the  calculations  to  make 
allowance  for  it. 

In  most  of  the  experiments,  the  water  was  cooled  beforehand 
such  a  number  of  degrees,  that,  after  the  immersion  of  the  body, 
it  was  raised  to  the  temperature  of  the  surrounding  atmosphere. 
In  other  cases,  it  was  of  the  temperature  of  the  air  before  the 
experiment.  The  first  method  appeared  to  us  most  accurate,  and 
it  did  not  require  any  correction ;  for  the  water,  immediately 
after  the  body  is  plunged  into  it,  acquiring  a  temperature  v^ 
little  different  from  that  which  it  has  when  the  equilibrium  m 
estabhshed,  the  external  air  must  produce  only  an  imperc^>tifale 
effect  on  it.  In  the  second  method,  on  the  contrary,  we  mart 
take  into  the  account  the  loss  of  heat  which  the  mass  experioiees 
in  consequence  of  its  excess  of  temperature  and  the  duration  of 
the  experiment.  This  correction  may  be  determined  vath  a 
sufficient  de^ee  of  precision  by  a  subsequent  observation  on  the 
rate  of  coohng  of  the  water  employed.    The  large  size  of  the 

•  Tbis  correc^on  ii  deduced  from  ijttt  weight  of  oil,  carried  off  by  the  metaHic 
plate.  To  ascertain  it,  we  were  obliged  in  each  case  to  make  a  prdimlnary  expe- 
riment, in  which  we  ascertained  the  increase  of  the  weight  of  the  plate  when  it 
came  out  of  the  oil  bath.  At  300^  thii  increase  never  exceeded  three  or  four  deci- 
grammes. 
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body  whioli  we  employed,  th^  varied  circumstances  ia  wUdb^ 
eacn  determination  was  made,  the  precision  of  the  thermometer 
which  we  employed,  seemed  sJl  to  concur  to  ensure  the  accural^ 
of  our  results. 

The  great  capacity  of  iron  (relatively  to  the  other  metals),  an4 
the  possibility  of  plunging  it  in  boilii^  mercur]^,  induced  us  tq 
begin  with  wis  substance,  the  comparisons  wluch  we  proposed 
to  make.  The  following  determinations  are  deducea  finom  i^ 
great  number  of  measurements,  agreeing  nearly  with  each  other. 

Mean  capacity  of  iron  from  0®  to  1W=  0-1098* 

0  to  200  =  0-1160 
0  to  300  =  01218 
0   to  350  r=  01255 

The  result,  indicated  by  the  way  in  which  these  numbers  vaiyi 
is  verified  in  the  following  table  for  the  other  metals.  We  hafi 
satisfied  ourselves  with  inserting  the  measures  taken  at  100^  and 
at  300^. 

Mean  capacity  between         Ifeaa  capacity  betwcep 
00 ami  100°.  0»andS00o.   ' 

Mercury 0-0330 0-0350 

Zinc .•  0-0927  0-1016 

Antunony 0-0607  0-0649 

SUver 0-0657  0-0611 

Copper 0-0949  0-1013 

Platinum 0-0365  0-0356 

Glass 0-1770  0-1900 

The  capacity  of  solid  bodies  then  follows  the  same  law  with 
dieir  liqmdity ;  it  increases  with  the  temperatures,  measured  by 
an  air  thermometer.  They  would  even  be  increasing,  contrary 
to  the  opinion  of  Crawfora,  if  we  were  to  employ  a  mercurial 
thermometer.  If  this  observation  had  been  made  upon  bodies  of 
ai|  invariable  volume,  there  would  remain  no  doubt  respecting 
its  consequences ;  but  the  gaseous  is  the  only  state  which  per- 
mits us  to  satisfy  this  condition ;  and  in  that  state  the  experiment 
presents  insurmountable  difficulties,  if  the  dilatation  of  solids 
were  uniform,  we  could  not  ascribe  the  increase  of  capacities  to 
the  quantity  of  heat  which  produces  the  increase  of  volume;  fop 
this  quantity  remaining  then  proportional  to  the  temperatures, 
could  not  affect  the  ratio  of  the  capacities.  Tlie  case  is  not  the 
same  when  the  dilatabilities  are  increasing.  It  is  evident  that  in^ 
this  case  the  capacities  taken  at  different  heights  of  the  thermo- 
metrical  scale  ouffht  to  be  affected  by  the  irregularity  of  the  law 
of  dilatation.  We  cannot  form  any  conjecture  of  the  intensity  of 
the  eiSuscts  due  to  this  accidental  cause.  But  what  would  lead  to 
the  belief  that  they  should  not  be  neglected,  and  that  the  increase 

•  Tbe  capacity  sf  water  it  reclMncd  U 
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of  the  capacities  which  we  have  observed,  depends,  at  least  in 

I)art,  upon  them,  is  this,  that  the  metals  whose  expansion  fol* 
ows  the  most  rapid  law,  are  at  the  same  time  tnose  whose 
capacity  undergoes  the  mreatest  variations.  But  this  question 
can  only  be  decided  by  observations,  which  should  embrace  a 
greater  interval  of  temperature  than  that  which  existed  in  our 
experiments.  We  hope  soon  to  be  able  to  throw  light  on  this 
doubtful  question. 

We  have  shown,  in  speaking  of  the  dilatation  of  8olids>  that  if 
we  construct  thermometers  with  the  most  infusible  metals,  and 
suppose  them  graduated  as  usual  by  the  fixed  points  of  freezing 
and  boiling  water,  the  temperatures  indicated  by  each  of  these 
thermometers  would  be  very  different.  The  same  discordance 
ought  evidently  to  be  observed  from  what  precedes,  when  we 
estimate  the  temperatures,  as  some  philosophers  have  proposed, 
by  the  ratios  of  the  quantities  of  heat  which  the  same  bocly  gives 
out  in  cooling  to  a  determinate  temperature.  In  fact,  in  order 
that  this  calculation  should  be  exact,  it  would  be  necessary  that 
the  body  in  cooling,  for  example,  from  300^  to  0°  should  give  out 
three  times  as  much  heat  as  in  coohng  from  100°  to  0°.  But  it 
will  give  out  more  than  three  times  as  much,  because  the  capa- 
cities are  increasing.  We  should,  therefore,  find  too  high  a 
temperature.  We  exhibit  in  the  following  table  the  temperatures 
that  would  be  deduced  by  employing  the  different  metals  con- 
tained in  the  preceding  table.  \Ve  must  suppose  that  they  have 
been  all  placed  in  the  same  liquid  bath  at  300°,  measured  by  an 
air  thermometer. 

Iron 332-2° 

Mercury 318-2 

Zinc 328-5 

Antimony 324'8 

Silver 329-3 

Copper 320*0 

Platinum , .  317-9 

Glass 322-1 

General  Reflections  and  Conclusion,        ,    . 

Now  that  we  have  established  the  correspondence  of  all  the 
(hermometric  scales  in  an  extent  of  more  than  300°,  we  are  in  a 
state  to  judge  of  the  accuracy  of  the  laws  which  Mr.  Dalton 
conceives  he  has  established,  by  measuring  the  temperatures 
upon  a  particular  scale. 

The  way  in  which  Mr.  Dalton  has  presented  the  principle  on 
which  the  formation  of  his  scale  depends,  does  not  allow  us  to 
consider  it  as  any  thinff  else  than  an  hypothesis,  which  would 
have  the  advantage  of  connecting  together  a  jgreat  number  of 
phenomena  by  very  simple  relations.  By  substituting  the  indi- 
cations of  that  scale  for  those  of  the  ordin^  thermometer,  we 
find;  according  to  this  philosopher ; 

1 


1819.]    and  on  the  Laws  of  the  Communication  of  Heat.        1S9 

1.  That  mercury  and  all  other  liquids  dilate  as  the  squares  of 
their  temperatures,  setting  out  from  the  maximum  density  of 
each. 

2.  That  the  gases  dilate  in  a  geometrical  progression  for 
increments  of  temperature  in  an  arithmetical  progression. 

3.  That  the  capacity  of  bodies  remains  cc^nstant  under  the 
same  volume. 

4.  That  during  the  whole  time  of  the  cooling  of  bodies  in  air, 
the  temperatures  decrease  in  a  geometrical  proportion^  while  the 
times  follow  an  arithmetical  progression. 

All  these  laws  are  very  accurately  verified  in  Mr.  Dalton'a 
thermometer  for  the  temperatures  near  those  in  which  the  new 
scale  coincides  with  the  old ;  and  if  the  same  agreement  were 
observed  at  all  temperatures,  the  union  of  these  laws  would 
imdoubtedly  form  one  of  the  most  important  acquisitions  of 
modem  physics.  But  unfortunately  this  agreement  is  very  far 
from  taking  place  in  very  low  or  very  high  temperatures,  as  we 
shall  now  show. 

In  setting  out  from  the  first  two  laws,  we  should  find,  by  a 
very  simple  calculation,  that  a  volume  of  air,  represented  by  1000, 
at  the  temperature  of  freezing  water,  woiUd  oe  reduced  to  692 
at  the  point  of  the  congelation  of  mercury.  We  found  by  our 
experiments,  that  its  volume  would  be  850.  At  the  temperature 
of  256^  on  the  air  thermometer,  the  common  mercurial  thermo- 
meter ought  to  mark  282®  according  to  Mr.  Dalton,  while  in 
reality  it  only  indicates  261°. 

Such  differences  cannot  be  ascribed  to  errors  of  observation. 
They  would  be  much  greater  if  we  w^nt  to  higher  temperatures. 
It  is  easy  to  see  that  by  applying  to  our  determinations  the  prin- 
ciples of  Mr.  Dalton,  we  snould  find  by  the  absolute  dilatations 
of  mercury,  that  what  he  calls  the  real  temperature  would  be 
much  superior  to  that  indicated  by  the  common  thermometer. 
But  this  would  produce  an  effect  precisely  contrary  to  what  Mr. 
Dalton  had  in  view,  which  was  to  lower  the  indications  of  this 
last  instrument  in  high  temperatures. 

The  third  law  does  not  appear  better  founded ;  for  we  have 
shown  that  the  capacity  increases  about  a  tenth  in  several  bodies 
whose  volume  does  not  vary  one  hundredth  part.  And  if  we 
estimated  the  capacities  by  the  scale  of  which  we  have  just 
spoken,  this  law  would  deviate  still  further  from  the  truth. 

In  fine,  to  prove,  in  a  few  words,  that  the  fourth  proposition  of 
Mr.  Dalton  is  likewise  contradicted  by  experience,  it  is  sufficient 
to  say,  that  the  law  of  cooUng  in  the  air  is  not  the  same-for-  all 
bodies  ;  and  that,  therefore,  no  thermometric  scale  can  satisfy 
the  condition  of  rendering  for  all  bodies  the  loss  of  heat  propor- 
tional to  the  excess  of  temperatiure. 

Though  the  propositions  which  we  have  just  discussed  do  not 
attain  the  object  which  Mr.  Dalton  had  in  view,  they  prove  at 
ieast  that  long  ago  the  insufficiency  of  the  «oxQmoixdocAxvc\&\!iaA. 
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not  escaped  the  penetration  of  this  celebrated  philosopher. 
Most  of  the  phenomena,  whose  irregularity  he  had  perceived, 
▼ary  in  the  way  which  he  had  pointed  out;  but  he  wanted  the 
data  necessary  to  verify  his  ingenious  theory.  The  researches, 
of  which  we  have  given  an  account,  enable  us  to  present  much 
more  certain  notions  on  the  measurement  of  tempentures,  and 
to  explain  several  difficulties  which  had  been  started  on  the 
subject.  It  is  evident,  by  what  we  have  said  respecting  the 
vanation  of  the  capacities,  that  no  thermometric  scale  can  indi* 
cate  immediately  the  increments  of  heat  corresponding  to  a 
determinate  elevation  of  temperature ;  for  supposmg  we  found 
one  which  possessed  that  property  relatively  to  a  peculiar  sub* 
stance,  it  could  not  be  apphed  to  others,  because  tne  capadtieB 
of  all  bodies  do  not  vary  m  the  same  way. 

By  comparing  together  all  the  thermometric  scales,  we  may 
make  ourselves  equally  certain  that  no  one  exists  in  which  the 
dilatations  of  all  bodies  can  b^  expressed  by  simple  laws.  These 
laws  would  Vary  according  to  ^e  scale  which  we  adopted.  Thnsi 
if  we  take  the  air  thermometer^  the  law  of  the  dilatation  of  aU 
bodies  would  be  increasing.  It  we  chose  iron  for  our  thermo- 
meter, all  bodies  would  foUow  a  decreasing  law  of  dilatation.  If 
we  took  the  mercurial  thermometer,  corrected  from  the  complicsr 
tion  occasioned  by  its  envelope,  iron  and  copper  would  follow  an 
increasing  law  of  dilatation,  vi^hile  platinum  and  the  gases  would 
follow  one  continually  decreasing. 

In  the  state  to  which  the  question  is  now  reduced,  we  cannot 
allege  any  peremptory  reason  for  adopting  one  of  these  scales 
excmsively.  We  may  say,  however,  mat  the  well-known 
uniformity  in  the  principal  physical  properties  of  all  the  sases, 
and  partictilarly  the  perfect  identity  in  the  laws  of  their  water 
tion,  renders  it  very  probable,  that  in  this  class  of  bodies  the 
disturbing  causes  have  not  the  same  influence  as  in  solids  and 
liquids,  and  that  consequently  the  changes  in  volume  produced 
by  the  action  of  heat  upon  them  are  more  immediately  dependant 
upon  the  force  which  produces  them.  It  is,  therefore,  very 
probable,  that  the  greatest  number  of  the  phenomena  relating  to 
neat  will  present  themselves  under  a  more  simple  form,  if  we 
measure  the  temperatures  by  an  air  thermometer.  It  is  at  least 
by  these  considerations  that  we  have  been  determined  to  employ 
this  scale  constantly  in  all  the  researches  which  constitute  the 
ol^ect  of  the  second  part  of  this  memoir.  The  success  which 
we  have  obtained  may  be  stated  as  an  additional  motive  in 
frvour  of  the  opinion  which  we  have  given.  But  we  do  not 
pnstend  that  the  other  scales  ought  to  be  excluded  in  all  circum- 
stances. '  It  is  possible,  for  example,  that  certain  phenomena 
WBSj  present  themselves  in  a  more  simple  manner,  by  reckoning 
th^  l^mperatures  on  the  thermometncal  scales  deduced  from 
the  dilatation  of  each  of  the  bodies  whose  dilatations  were 
observed.    It  was  this  indeed  which  led  us  to  follow  with  so 


1819.]    (mi  on  the  Laws  of  the  Communication  of  Heat.        171 

much  perseverance  the  comparisons  of  all  the  thenuometrical 
scales. 

(^Note  added,)— When  treating  of  the  dilatation  of  mercurjr^ 
we  presented  a  table  of  the  resmts  obtained  by  different  philoso* 
pbers  on  this  important  subject.  The  one  which  has  been  used 
ih  France  for  several  years,  and  which  is  ascribed  to  Lavoisier 
and  Laplace^  is  found  amon^  them.  We  perceived  that  it  did 
not  agree  with  the  number  miich  Lavoisier  gives  in  hb  memoir/ 
i.  310,  for  the  apparent  dilatation  of  mercury  in  riass ;  l)iit  we 
thought  that  it  was  the  result  of  a  subsequent  ana  unpublished 
set  of  experiments.  Since  drawing  up  our  memoir,  we  have 
learned  that  these  illustrious  philosophers  did  not  undertake  new 
experiments  on  the  subject ;  out  that  an  error  had  crept  into  the 
calculation  of  the  observations ;  so  that  the  true  coefficient 
deduced  from  their  measure  is  t^Vt  uistead  of  xiVr*  ^^  ^^® 
which  we  found  by  quite  a  different  process,  y^TVf  differs  very 
little  from  theirs.  This  is  a  new  proof  of  the  accuracy  of  our 
observations. 

Part  IL — Of  the  Laws  of  Cooling. 

The  first  views  relative  to  the  laws  of  the  communication  ef 
heat  are  to  be  found  in  the  Opuscula  of  Newton.*  This  great 
philosopher  admits,  d  priori^  that  a  heated  body  exposed  to  a 
constant  cooling  cause,  such  as  the  uniform  action  of  a  current 
of  air,  ought  to  lose  at  each  instant  a  quantity  of  heat  proper* 
tional  to  the  excess  of  its  temj^erature  above  that  of  the  ambient 
air;  and  that  consequently  its  losses  of  heat  in  equal  and 
successive  intervals  of  time,  ought  to  form  a  decreasing  geoine*' 
trical  progression.  Kraft,  and  after  him  Richmann,t  endea- 
vourea  to  verify  this  law  by  direct  experiments  on  the  cooling  of 
liquid  masses.  These  experiments,  afterwards  repeated  by 
dmerent  philosophers,  prove,  that  for  differences  of  temperature 
not  exceeding  40  or  50  degrees,  the  law  of  geometrical  progres- 
sion represents  pret^  exactly  the  rate  of  cooUng  of  bodies. 

in  a  dissertation,  little  known,  on  several  points  of  the  theory 
of  heat,  published  in  1740,  and  of  course  several  years  before 
Kraft  and  Richmann  made  known  their  researches,  Martine  % 
had  already  pointed  out  the  inaccuracy  of  the  preceding  law, 
and  had  endeavoured  to  substitute  for  it  another,  in  which  the 
loss  of  heat  increased  more  rapidly  than  by  the  Newtonian  law. 

Erxleben  §  proved  equally,  by  very  accuhtte  observations,  that 
the  deviation  of  the  supposed  law  increases  more  and  more  as 
we  consider  mreater  differences  of  temperatures ;  and  concludes, 
that  we  shomd  fall  into  very  great  errors  if  we  extended  the  law 
much  beyond  the  temperature  at  which  it  has  been  verified.  This 

•  Newtoni  Opnscala^  ii.  485.  f  Nov.  Com.  Ac.  Pet. !.  195. 

X  Enajre  00  Heat,  p.  7S.  ^  Nofi  Comment.  8oc.Gottiiif^.^Vv.14f. 
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Tety  just  remark  of  Erxleben,  as  well  as  his  memoir,  seems  to 
bave  escaped  the  attention  of  philosophers  ;  for  in  all  posterior 
remarks  on  the  same  object^  tne  law  of  Newton  has  been  pre 
sented  not  as  an  approximation  but  as  a  rigorous  and  constant 
truth. 

Thus  Mr.  Leslie^''^  in  his  ingenious  researches  on  heat,  has 
made  this  law  the  base  of  several  determinations^  which,  from 
Ibat  very  cause^  are  inaccurate,  as  we  shall  prove  in  the  sequel 

Soon  after  the  publication  of  Mr.  Leslie's  book,  Mr,  Dalton 
flsade  known,  in  nis  New  System  of  Chemical  Philosophy,  a 
sejies  of  experiments  on  the  cooling  of  bodies  carried  to  a  vei^ 
high  temperature.  The  result  of  these  experiments  shows  evi* 
dently  that  the  law  of  Richmann  is  only  an  approximation  at  low 
temperatures,  and  that  it  is  quite  inaccurate  at  hi^h  tempera- 
tares.  Mr.  Dalton,  instead  otseeking to  represent  nis  observa^ 
tions  by  a  new  law,  endeavoured  to  re-establish  the  law  of 
Bichmann  by  substituting  for  the  usual  thermometric  scale  the 
ene  which  he  founded  on  the  notion  that  the  dilatation  of  all 
liquids  is  subjected  to  the  same  law ;  an  assertion  which  we  have 
discussed  in  the  first  part  of  this  memoir.  But  even  supposing 
the  accuracy  of  the  principles  of  this  new  scale  to  have  been 
constated,  we  should  be  under  the  necessity  of  acknowledging, 
that  it  does  not  satisfy  the  condition  of  rendering  the  loss  of 
beat  in  a  body  proportional  to  the  excess  of  its  temperature 
above  that  of  tne  surrounding  air ;  or  in  other  words,  that  it  does 
not  re-establish  the  law  of  Richmann;  for  before  this  could 
happen,  it  would  be  necessary  that  the  law  of  coohng  should  be 
the  same  for  all  bodies,  and  our  experiments  prove  the  contrary. 

The  last  experiments  undertaken  on  the  subject  which  occupies 
our  attention,  are  those  which  Laroche  has  inserted  in  his  nxemoir, 
relative  to  some  properties  of  radiating  heat.  He  estabUshes, 
among  other  propositions,  that  the  quantity  of  heat  which  a  hot 
tody  gives  off  in  a  given  time  by  way  of  radiation  to  a  cold  body 
situated  at  a  distance,  increases,  other  things  being  equal,  in  a 
progression  more  rapid  than  the  excess  of  the  temperature  of  the 
first  above  that  of  the  second. 

This  proposition  is  evidently  for  radiation  the  equivalent  of 
that  of  Mr.  Dalton  for  the  total  cooling  of  a  body  in  the  air. 
But  Laroche  has  only  presented  insulated  facts,  and  has  not 
sought  for  the  law  on  which  they  depend.  We  shall  see  hereafter 
that  the  results  are  complicated  by  the  action  of  particular 
causes,  from  which  it  would  be  necessary  to  disengage  them  in 
order  to  arrive  at  the  law  of  coohng  in  a  vacuum,  which  is  not 
the  same  as  radiation. 

Thus  tlie  labours  of  philosophers  on  the  laws  of  cooling  have 
been  hitherto  confined  to  showing  that  the  law  of  Newton  is  a 

•  Afi  Inquiry,  ftc. 
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su&cient  approximation  at  low  temperatures ;  but  that  it  devintes 
further  and  further  from  the  truth  as  the  difference  between  the 
temperatures  increases. 

It  in  the  concise  history  of  these  labours  we  have  not  mentioned 
the  mathematical  researches  of  M.  Fourier,  on  the  laws  of  the 
distribution  of  heat,  the  reason  is,  that  all  the  results  of  his 
analysis  are  deduced  from  the  law  of  Newton,  admitted  as  a 
truth  founded  on  observation,  while  the  sole  object  of  our  expe- 
riments is  to  discover  the  law  that  ought  to  be  substituted  for  it. 
But  the  very  remarkable  consecjuences  to  which  this  profound 
mathematician  has  been  led,  will  preserve  all  their  precision  in 
the  circumstances  and  within  the  limits  in  which  the  Newtoman 
law  is  true ;  and  to  extend  them  to  other  cases,  it  will  be  suffi- 
cient to  modify  them  conformably  to  the  new  laws  which  W€ 
shsJl  estabhsh« 

Of  Cooling  in  general. 

When  a  body  cools  in  a  vacuum,  its  heat  is  entirely  (Ussipated 
by  radiation.  When  it  is  placed  in  air,  or  in  any  other  flmd,  its 
<X)oUn^  becomes  more  rapid,  the  heat  carried  off  by  the  fluid 
being  m  that  case  added  to  that  which  is  dissipated  by  radiation. 
It  is  natural,  therefore,  to  distinguish  these  two  effects ;  and  as 
they  are  subject  in  all  probability  to  different  laws,  they  ought  to 
be  studied  separately.  We  shall  examine  then  successivefy  the 
laws  of  cooUng  in  a  vacuum  and  in  elastic  fluids.     But  as  the 

f>lan  which  we  have  followed  in  each  of  these  researches  is 
bunded  on  the  same  principles,  it  will  be  proper  to  explain 
these  principles  in  the  first  place. 

The  most  simple  case  of  cooling  will  be  that  of  abody  of  so  small 
a  size  that  we  may  suppose  at  every  instant  all  its  points  at  the 
same  temperature.  But  to  arrive  at  the  object  which  we  proposed, 
the  discovery  of  the  elementary  law  of  cooling,  it  would  have 
been  to  add  an  useless  complication  to  the  question,  and  would 
have  rendered  it  almost  insoluble  to  have  observed,  in  the  first 
place,  the  rate  of  cooling  in  soUd  bodies  ;  because  in  that  case 
the  phenomenon  includes  an  additional  element,  namely,  the 
interior  distribution  of  the  heat,  which  is  a  function  of  the  con- 
ductibiUty.  Obliged  by  the  nature  of  the  problem  to  have 
recourse  to  Uquids,  the  mercurial  thermometer  itself  appeared  to 
us  the  body  best  adapted  for  these  experiments,  nut  as  it  is 
necessary  to  be  able  to  observe  at  high  temperatures  to  give  to 
the  body  on  which  the  experiment  is  made  such  a  size  that  the 
eooUng  shall  not  be  too  rapid  for  following  its  rate  with  accuracyi 
it  was  necessary,  in  the  first  place,  to  examine  what  influence  the 
greater  or  smaller  mass  of  liquid  contained  in  the  bulb  of  the 
thermometer  had  upon  the  law  of  cooling.  It  was  not  less 
important  to  examine  whether  that  law  depends  on  the  nature  of 
tile  liquid,  or  the  nature  or  form  of  the  vessel  in  which  it  is  con- 
tained. These  first  comparisons  were  the  object  of  a  series  of 
experimeats>  which  we  shall  state^  after  having  exi^\^kk^4.  \}ti^ 
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vnifonBi  mode  of  calculation  which  we  alwavi  employed,  in  oider 
to  render  our  results  more  easily  comparable. 

Suppose  we  observe,  at  equal  intenrals  of  time,  every  minute 
for  example,  the  excess  of  temperature  of  a  bo^  above  the  sur- 

nding  medium,  and  that  for  the  times  0,  V,  2%  3^,  Sec f^ 


roum 


the  excesses  are  A,  B,  C.  ...  .T.  If  the  law  of  geometrical 
progression  held  good,  we  should  have  BsAm,  C=AiiiP 
• . . .T  ss  Am';  m  being  a  fracticm  which  vriU  vary  firom  one 
body  to  another.  This  law  never  holds  exactly,  especially  when 
die  temperatures.  A,  B,  C,  are  high.  But  it  is  dear  that  we  inaj 
always!  represent  a  certain  number  of  the  terms  by  an  expression 

of  the  form  A  mf^'^B^,  by  determining  properly  the  coefficients 
m,  a,  0 ;  and  by  means  of  that  formuh,  we  may  calculate  veiy 
nearly  the  value  of  the  time  t,  corresponding  to  any  excess  of 
temperature  T,  provided  that  this  excess  be  comprehended  in  the 
portion  of  the  series  which  has  served  for  the  interpolation. 

This  same  expression  gives  us  the  means  of  determining  the 
rapidity  of  cobUng  corresponding  to  each  excess  of  temperature; 
that  is  to  say,  the  number  of  degrees  which  the  temperature  of 
a  body  would  sink  in  a  minute,  supposing  the  rate  of  cooling 
uniform  during  that  minute.    We  have  in  fact  for  that  velocity. 
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d 


^  =  (log.iw).T.(a+2j30 


This  quantity  must  always  exceed  the  real  loss  of  temperature 
during  the  time,  since  the  rapidity  of  cooling  diminishes  during 
its  whole  duration,  how  short  soever  it  may  be. 

It  was  not,  as  may  be  easily  conceived,  to  correct  the  small 
difference  of  which  we  have  iust  spoken  tiiat  we  employed  this 
process.  But  it  is  obvious  that  when  a  series  is  divided  into 
several  parts,  represented  each  by  empirical  formulas,  which 
correspond  as  exactly  as  possible  with  the  numbers  observed, 
the  velocity  of  cooling  deduced  from  these  formulas  for  the 
different  excesses  of  temperature,  are  always  disengaged  from 
the  uncertainties  and  inaccuracies  which  the  crude  results  of 
the  observations  always  present. 

Let  us  return  now  to  ttie  first  comparison,  of  which  we  spoke 
a  little  ago ;  and  for  this,  let  us  examine  how  the  velocity  of 
cooling  has  varied  in  the  three  series,  the  calculated  resulto  of 
which  are  contained  in  the  following  table : 


ExecMof   temper- 
.tare  above  tbe 
air. 

Telocity  of  cooling  of 
the  Ibermometer  A. 

1 

Ditto  of  thermome- 
ter B. 

Ditto  of  thwmeme- 
ter  C. 

100" 

80 
60 
40 
20 

18-92" 

14-00 

9-68 

6-93 

2-76 

8-97° 

6-60 

4"56 

2-80 

1-30 

6-00° 

3-67 

2-52 

1-56 

0-73, 
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The  first  column  contains  the  excess  of  the  temperature  of  the 
thermometers  above  that  of  the  surrounding  air.  The  second 
exhibits  the  corresponding  velocities  of  coohng  of  the  thermo- 
meter A|  the  diameter  of  whose  bulb  was  about  two  centimetres. 
These  velocities  were  calculated  from  the  observations  by  the 
method  explained  above.  The  third  and  fourth  columns  exhibit 
the  velocities  of  the  cooling  of  the  thermometers  B  and  C,  calcur 
lated  in  the  same  way  for  the  excess  of  temperatures  indicated 
in  the  first  column.  The  diameter  of  the  bulb  of  the  thermo** 
meter  B  was  about  four  centimetres  ;  that  of  the  thermometer 
G  about  seven. 

A  simple  inspection  of  this  table  shows  us  at  once  the  inaCf 
curacy  of  the  law  of  Richmann ;  for  we  see  that  the  velocities 
of  coolii^  increase  according  to  a  more  rapid  progression  than 
the  excesses  of  temperature.  Now  if  we  take  the  ratios  of  the 
corresponding  numbers  in  the  second  and  third  columns,  we  shatt 
find  that  they  have  varied  as  follows,  beginning  with  the  terms 
which  correspond  with  the  greatest  excess  of  temperature : 

2-11   212  210  2-12  2-11 

These  numbers,  which  differ  very  little  from  each  other,  and 
which  are  alternately  greater  and  less,  inform  us  that  the  rate  of 
cooling  follows  the  same  law  in  the  two  thermometers  A  and  B. 
If  we  compare  in  the  same  way  the  numbers  contained  in  the 
second  and  fourth  columns,  we  obtain  for  their  ratios  : 

3-78   3-81    3-80   3-80   3-77 

The  near  approximation  to  equality  in  these  numbers  shows 
lis  that  the  law  of  cooling  is  likewise  the  same  for  the  thermo- 
meters A  and  C ;  for  the  difierences  in  the  preceding  numbers 
must  be  ascribed  to  unavoidable  errors  in  the  experiments ;  and 
they  are  owing  to  inaccuracies  merely  of  one  nundreddi  of  a 
degree  in  the  velocities. 

We  are  entitled  to  conclude,  from  what  precedes,  that  the  law 
of  cooling,  observed  in  a  mercurial  thermometer,  is  independent 
of  the  size  of  its  bulb,  and  of  consequence  that  it  is  the  element- 
ary law  of  cooling,  of  which  we  are  in  search ;  or,  in  some 
measure,  the  law  of  cooling  of  a  point. 

We  have  not  examined  now  the  velocity  of  cooling  varies  with 
the  extent  of  surface,  in  consequence  of  the  little  precision  of 
measurement  of  which  the  surface  of  a  ball  of  glass  blown  at 
the  extremity  of  a  tube  is  susceptible ;  and  because  that  research 
was  foreign  to  the  object  whicn  we  had  in  view.  However,  it 
will  be  seen  from  the  approximate  measures  which  v/e  have 
given  of  the  diameters  of  the  bulbs,  that  tho  velocities  of  cooling 
are  nearly  inversely  as  the  diameters,  as  would  be  the  case  wit£ 
a  solid  sphere  of  infinitely  small  size. 

Let  us  now  proceed  to  the  examination  of  the  influence  which 
the  nature  of  the  Uquid  in  the  vessel  may  have  unou  the  lQtN9  ^ 
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cooling.  There  the  difficulty  of  Constructing  thermometers  witl 
liquids  different  from  mercury-^a  difficulty  depending  upon  the 
nncertainty,  which  still  exists,  respecting  the  laws  of  the  dilata- 
tion of  these  bodies,  determined  us  to  observe  the  cooling  of 
these  Uquids  enclosed  in  the  same  glass  matrass,  in  the  centre  of 
which  was  placed  a  very  sensible  mercurial  thermometer.  We 
even  ascertained  that  the  position  of  the  thermometer  is  indifie- 
rent,  and  that  at  any  given  instant  the  temperature  of  aH  tbe 
points  of  the  mass  is  sensibly  the  same.  This  evidently  depends 
upon  the  interior  conductU^ihty,  which,  in  liquids,  is  the  result  of 
currents,  being  nearly  perfect,  at  least  for  masses  of  the  size  of 
those  which  we  employed. 

The  first  of  the  following  tables  contains  the  velocities  of  the 
cooling  of  mercury  and  water  compared  ;  the  second  exhibits  a 
similar  comparison  between  mercury  and  absolute  alcohol ;  and 
the  third,  between  mercury  and  concentrated  sulphuric  acid. 


Excess  of  (he  tem- 
perature  of  the 
body. 

Velocity  of  cooliog 
of  mercury. 

Ditto  of  water. 

Ratio  of  Iheie  rdo- 
cities. 

60* 
60 
40 
30 

3-03° 
2-47 
1-89 
1-36 

1-39° 
113 
0-85 
0-62 

0-468 
0-462 
0-460  , 
0-466 

Excess  of  the  tem- 
perature uf  the 
body. 


60° 

30 

20 


Velocity  of  cooling 
of  mercury. 


1-89° 

1-36 

0-87 


Ditto   of    absolute 
alcoliol. 


1-60° 

1-09 

0-69 


Ratio  of    thaerelt- 
citicf.        ' 


0-798 
0-801 
0-794 


Excess  of  the  tem 
perature  of  tbe 
body. 


60° 
60 
40 
30 


Velocity  of  cooliag 
of  mercury. 


3-03° 
2-47 
1-89 
1-36 


Ditto   of  sulphuric 
acid. 


Ratio  of  these  Telo- 
cities. 


1-97 
1-69 
1-22 
0-89 


0-660 
0-649 
0-646 
0-664 


The  ratios,  inserted  in  the  last  columns  of  these  tables,  showiv 
that  the  law  of  cooling  is  the  same  for  the  four  Uquids  compared; 
for  the  small  irregularities  in  these  ratios  proceed  evideatly  firei» 
uncertainties  in  the  observations ;  and  besides,  to  make  then 
disappear,  it  would  bs  suiBcient  to  alter  the  values  of  the  Tdoci- 
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ties  observed  by  quantities,  which  scarcely  amount  to  the  hun- 
dredth of  a  degree. 

Now  If  liquids  so  difierent  in  their  natur^^  their  density^  and 
their  fluidity,  exhibit  laws  of  cooling  absolutely  similar,  is  it  not 
natural  to  draw  the  same  consequence  to  which  we  were  already 
led  by  a  comparison  of  the  cooting  of  unequal  masses — That 
within  the  limits  of  our  observations,  thecoolmgof  a  hquidmass 
is  subjected  to  the  same  law  as  a  body  of  infinitely  smtul  dimen- 
sions ? 

It  remains  now  to  examine  the  influence  of  the  nature  and 
%hme  of  the  vessel. 

We,  in  the  first  place,  compared  the  cooling  of  two  spheres ; 
the  one  of  glass,  the  other  of  tin  plate,  both  filled  with  water. 
(The  diameter  of  the  tin  plate  sphere  was  a  little  greater  than  that 
of  the  glass  sphere.) 


Excess  of  the  tem- 
perature of  the 
bod^. 

Velocity  of  cooling 

DiUo   of    the    tin 

Ratio  of  tbeie  velo- 

of  the  glass  sphere. 

plate  tpbere. 

citiei. 

60° 

1-39° 

o-go" 

1-54 

50 

113 

0-73 

1-56 

40 

0-86- 

0-64 

1-67 

30 

0-62 

0-38 

1-63 

20 

0-37 

0-21 

1-76 

Here  the  ratios  in  the  fourth  column  vary  always  the  same  way^ 
and  show  us  that  the  law  of  cooUng  is  more  rapid  in  the  tin 
plate  sphere  than  the  glass  sphere.  Mr.  LesUe  obtained  the 
same  result,  which  he  has  generalized  by  admitting  that  this  law 
changes  with  the  nature  of  the  body,  and  that  it  is  most  rapid  in 
those  bodies  that  radiate  least.  This  proposition  is  true  m  the 
portion  of  the  scale  to  which  Mr.  LesUe's  experiments  were  con- 
fined ;  but,  by  a  very  remarkable  casualty,  the  contrary  eflect 
takes  place  at  high  temperatures ;  so  that  when  we  compare  the 
laws  of  cooUn^  of  two  bodies  with  diflerent  surfaces,  that  of  the 
two  laws  whidi  is  most  rapid  at  the  lower  part  of  the  scale, 
becomes  the  least  rapid  at  high  temperatures.  Thus  in  the 
aeries  given  above,  the  ratios,  inserted  in  the  last  column,  dimi- 
mh  in  proportion  as  we  consider  greater  excesses  of  temperature  ; 
they  should  increase ;  and  as  is  the  case  with  all  quantities  which 
chimge  their  sign,  these  ratios  remain  nearly  the  same  during  a 
considerable  extent  of  the  thermometric  scale.  This  is  one  of 
the  most  important  points  of  the  theory  of  cooling.  If  we  do  not 
deceive  ourselves  respecting  the  accuracy  of  our  observations,  a 
Yery  simple  explanation  wm  be  found  in  the  subsequent  part  of 
this  memoir  of  this  remarkable  fact,  which  can  only  be  observed 
by  making  experiments,  as  we  have  done,  on  the  cooling  of  bodies 
^raised  to  a  high  temperature. 
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It  is  because  they  did  not  follow  this  plan  that  Messrs*  Dalton 
and  Leslie  have  obtained  such  inaccurate  results  respecting  this 
question.  The  first,  led  away  without  doubt  by^  the  imtkm  that 
the  law  of  Richmann  is  verified  in  his  thenncmietric  soale^  and 
not  having  compared  the  cooUngof  differeat  surfaces  ior  a«  suffi- 
ciently large  interval,  had  been  led  to  suppose  that  the  ]sw:of 
cooling  is  the  same  in  all  bodies.  And  Mr.  Leslie, ^-Wlio  fcad 
remarked  that  the  law  changes  with  the  nature  of  the  surface, 
not  having  included  in  his  experiments  temperatures  sufficiently 
high,  concluded,  that  the  diaerence  which  he  observed  always 
increases  as  we  advance  in  the  thermometric  scale.  This  has 
led  him  to  consequences  very  far  from  the'  truth,  respecting 
which  we  shall  have 'occasion  to  make  observations  in  the  sequd. 
We  shall  merely  remark,  in  expressing  our  surprise,  that  Mr.  Leslie, 
whom  the  influence  of  the  nature  of  the  Dody  on  the  law  of 
cooling  did  not  escape,  and  who  had  concluded  in  consequence 
that  the  law  of  Richmann  must  be  inaccurate,  has  nevertheless 
made  use  of  this  in  most  of  his  experiments. 

We  terminated  these  preliminary  researches  by  examining  the 
cooling  of  water  in  three  vessels  of  tin  plate  of  the  same  size; 
the  first  spherical ;  the  second  cyUndrical,  having  a  height  equal 
to  twice  tne  diameter  of  its  base  ;  and  the  third  Ukewise  cyW 
drical;  but  having  a  height  equal  to  half  its  diameter. 


Excesses  of 

Velocity  of|  Ditto  of  the 

Ditto  of  the 

Ratio  of  column 

Ratio  of  aohni 

tempera- 

cooling    of 

first     ylin- 

second    cy- 

three to  colmno 

four  tO'ieolwaii 

ture. 

the  sphere. 

der. 

linder. 

two. 

two. 

60° 

0-90 

Ml 

1-01 

1-23 

!•  12 

60 

0-73 

0-89 

0-80 

1-22 

1'10  ■ 

40 

0-64 

0-66 

0-60 

1-22 

Ml 

30 

0-38 

0-47 

043 

1-23. 

I'lB 

20 

0-21 

0-26 

0-23 

1-24 

■  MO; 

.  I 
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The  law  of  cooling  is  still  the  same  for  the  three  vessels  of 
different  shapes,  as  appears  by  the  ratios  contained  ii^'the.lsst 
two  columns.  The  form  of  the  vessel  then  has  no  mflu^ioe  on 
the  law  of  cooling  ;  and  this  assertion  is  confirmed  by  this,  that 
the  ratios  found  between  the  velocities  of  coohng  are  nearly  the 
same  as  those  that  exist  between  the  surfaces  of  the  vessalsy  as 
may  be  easily  ascertained.  On  recapitulating  the  resuks  wfaicb 
we  have  just  made  known,  we  see  that  the  law  of  coblingiof  a 
liquid: ma^s^  though  it  varies  with  the  enveloping  sur&os,'iB 
neverthelei^  independent  of  the  nature  of  the  Uquid,  and'of  die 
form,  Q^BUfi  of  the  vessel  which  contains  it.  This  was  the  poitit 
which  we  proposed  to  estabhsh  in  this  introduction,  and  which 
constituted  thelwisisof.the  researches  which  we  are  now  going 
to  explain. 
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'.).  :  ,  Apparatus  destined  for  Experiments  on  Cooling, 

Thfti.  bodies,  ^rhose  coolins  we  observed,  were,  conforiualdy,to 
the  principles  just  explained,  thennometers  of  such  a  size  that 
the-ddimiiiutioii  of  their  temperatures  could  be  observed  with 
precisiQQ.  ..We  constructed  two  of  them,  the  bulb  of  one  of 
whfck'lmd.a  diameter  of  about  six  centimetres ;  that  of  the  other 
ofjtMroj  The  first,  containing  about  3  lb.  of  mercury,  served  for 
ofaservatioiMk  at  a  high 'temperature.  The  smaller  one  was 
employed  for  low  temperatures,  in  order  to  shorten  the  duration 
of  tne  experiments.  It  was  easy  to  deduce  from  the  results  given 
by  die  last,  those  which  would  have  been  given  by  the  large  one 
if  the  series  of  its  cooling  had  been  prolonged ;  for  that,  it  was 
sufficient  to  commence  the  observations  with  the  small  thermo- 
meter at  a  higher  temperature  than  that  at  which  the  large  one 
bad  terminated.  By  determining  then  the  ratio  of  the  velocity 
of  the  cooUng  of  this  last  to  that  of  the  small  thermometer  lor  a 
common  excess  of  temperature,  we  obtained  the  number  by 
which  it  was  necessary  to  multiply  all  the  results  given  by  the 
small  thermometer  to  obtain  the  corresponding  velocities  of  the 
other. 

These  two  instruments,  constructed  with  all  the  care  possible, 
did  not  differ  from  common  thermometers,  except  in  this  parti- 
cular, that  the  tube  on  which  the  degrees  were  markea  was 
separated  from  the  bulb  by  an  intermediate  tube,  the  calibre  of 
whicii  was  very,  small.  We  shall  see  immediately  the  motive  of 
thii?  construction.  ^  - 

The  experiments  on  cooling  in  a  vacuum,  with  which  we  had 
to  commence,  required  that  the  thermometer  could  be  transported 
into  a  pretty  large  space,  in  which  a  vacuum  could  be  made  very 
rapidly.  It  was  necessary  also  that  the^surface  which  surrounded 
the  thermometer  on  every  side  should  be  maintained  at  a  known 
temperature  :  and  as  it  was  requisite  that  the  same  apparatus 
should  serve  for  observing  the  cooling  in  air  and  in  gases,  it  was 
requisite  that  the  gases  should  be  introduced  into  it  in  a  conve- 
lieniaod'prompt  manner.  All  these  conditions  were  satisfied 
bjp  the  following  construction. 

aS'he.oiclosure  in  which  the  cooling  takes  place  is  formed  of  a 
lar^,  diin,  cojmer  balloon  M  M'  M''  M"'''  (fig.  5)  whose  diameter 
i»jib^tEt  three  decimetres.  The  neck  of  t£iis  balloon  is  ground 
^iaUhisppev  part  ^o  as  to  be  terminated  by  a  perfectly  flat  surface, 
ivfaiidiraa.tendemd  horizontal  by  means  of  a  level.  This  balloon 
is  -pijajk&ad.  almost  completely  into  a  large  wooden  cylindrical 
tcough^nill^  of  water,  in  which  position  it  is  kept  by  the  strong 
CMiss^.beiaiiis, '  R  R^  R  R^.  It  is  evident  that  the  walls  of  this 
bfdloon,  being  very  thin  and  very  good  conductors,  must  assume 
consiandy  the  temperature  of  the  surrounding  water;  and  being 
covered  within  with  lamp-black,  they  cannot  reflect  any  sensible 
quantity  of  the  heat  sent  to  them  from  the  thennQmeter«  B^^\d^^) 
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this  eflect,  if  it  were  to  take  place,  irould  mcrease  almost  a^the 
loss  of  heat  of  the  bo<}y,  so  that  the  error  produced  'would  aSect 
cquaDy  all  the  results.  It  was  easy  to  raise  "the  temperatn^of 
the  BuiTounding  medium,  by  passine  vapour  into  the  water 
iJirough  the  tube  S'  U  V,  plunging  to  the  bottom  of  the  liquid. 

Th«  orifice  of  tlie  balloon  is  shut  by  a  thick  plate  of  ^a^s, 
A  B,  ground  with  the  greatest  care  uooti  the  edge  of  the  bSloou 
itself.  The  surfaces  in  contact  have  oesideSj  io  confleqii^iu:^  of 
the  thickness  of  the  neck,  a  sufficient  esient,  so  that  the  ipteipo- 
sition  of  a  small  quantity  of  hog's  lard  renders  the  conlactreiy 
close,  and  prevents  all  conmumication  firom  without. 

This  plate  is  perforated  at  its  centre  by  a  circular-  op^iiiig,  into 
which  a  cork  is  finxly  pi^,  which  contams  the  tube  of  the  ther- 
mometer ;  and  the  intermediate  tube,  C  O,  is  of  such  a  \ea^ 
that  the  bulb  is  precisely  in  the  centre  of  the  balloon.  ByginDg 
this  intermediate  tube  a  very  small  diameter,  the  quanti^  a 
mercury  without  tiie  bulb  is  cumiaiBhed,  and  tiie  swemog  wMci 
takes  place  at  the  commencement  of  the  scale  enables  us  to  fiz 
the  tube  more  firmly  in  the  cork.  Thus  the  thermometer  is  fixed 
in  the  plate,  and  uiis  dUipositioo  is  shown  particularly  in.^  6, 
where  ue  bulb  of  die  instrument  is  placed  above  the  fiifnaft, 
which  serves  to  heat  it.  The  screens,  A  A',  are  leaves,^  J^ 
plate,  separated  from  each  other,  which  serve  to  sQ^^iUui 
plate,  A  B,  from  the  action  of  the  beat.  "  \\^.,l^„ 

Let  us  now  return  to  fig.  5.  The  stem  of  tli<  thenq^^i^g^ 
which  is  witliQut  the  balloon,  as  is  evident  from  the  figWV^ 
covered  by  a  hollow  tube,  S  T,  the  ^und  bottom  of.TOim^jig 
applied  to  the  upper  sur&ce  of  the  glass  plate.  Tbi^,  W"-^ 
vessel  is  terminated  above  by  a  stop-cock,  to  which  iscgiil^iiea 
the  end  of  the  very  flexible  leaden  tube,  D  E  F.  Th.^  ottiier 
extremity-  of  this  tube  is  fiimly  fi^ed  to  the  plate  of  an  air-^uifig, 
H  K.  The  caua],  which  in  this  machine  makes  the  cp^miuu- 
cation  between  the  centre  of  the  plate  and  the  baroinf|ter^  lE 
coimected  with  another  tube  with  a  stop-cock,  to  w|uch,is 
cemented  a  tube  filled  with  muriate  of  lime.  It  is  Uirqug^  j^ 
tube  that  the  gas  passes  by  way  of  the  bent  tuhe^  ■"*j?!iM%i' 
llie  glass  air  holder,  being  moveable  up  and  down,  e^aJblM.UHj^ 
make  the  elasticity  of  the  gas  introduced  the  sane  as  t^^j:j^^ 
atmosphere.  We  shall  now  describe  our  mode  of  proc^^^mg  iD 
each  ezpenment.  "riiHi  - 

The  water  in  the  trough  being  brought  to  the  re^i^^^.^^- 
perature,  tuid  the  thermometer  nxed  in  the  ^la^s  pl^U^^ifa 
heated  to  nearly  the  boilingpoint  of  mercury,  it  >ras  tniiupoAea 
rapidly  into  the  balloon.  The  glass,  S  T,  aheady ' CeattqftteJSto 
the  leaden  tube,  was  then  drawn  down  over  the  stem;''/Wmk 
the  surfaces  in  contact  were  carefully  luted,  an  assi&taii'i  tttpid^ 
exhausted  the  balloon,  by  means  of  the  air-pump,     tlie  coim^- 
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nication  between  the  balloon  ahd  the  glass  tube  was  rendered 
ver^  f^e  |b^  the  opemiigs/  a  and  b,  made  in  the  plate  near  the 
c^^trbd  bpening. 

'  If  thfe  cooling  was  to  be  observed,  in  vbcuo,  the  process  was 
stogp^  when  the  machine  ceased  to  dilate  the  air,  and  we 
tncwoxBd  immediately  the  tension  of  what  remained  in  the 
b^EiBoon.  The  stop-cock  was  then  shut,  and  the  obsenrationis 
cominenced.  When  the  experiment  was  to  be  conducted  in  air, 
ikkt  of  the  balloon  was  at  nrst  dilated,  in  order  to  facilitate  the 
■66iitact  of  surfaces,  and  th^n  the  proper  quantity  was  allowed  to 
enter.  When  the  cooling  was  to  be  observed  in  a  gas,  the 
bttUoon  was  first  emptied  of  air,  gas  was  then  allowed  to  enter, 
and  a  vacuum  was  again  made,  after  which  the  requisite  quantity 
of  gas  was  introduced.  By  this  contrivance,  it  was  mixed  witn 
onw_un  inappreciable  Quantity  of  air. 

^  We  shaliterminate  mis  description  by  saying,  that  the  dimen- 
siotis  of  the  thermometer  had  been  calculated,  so  that  the  obser^ 
ration  of  the  cooling  could  begin  at  about  300°.  The  experiments 
in  'air  and  in  the  gases  require  rather  a  longer  preparation,  and 
Gunrot  be  commenced  with  safety  till  the  equilibrium  is  restored 
dEtoogh  tlie  whole  extent  of  fluid.  The  series  of  observations 
beldk^ging  to  them  comm^ce  at  about  250^. 

'The  exjperiment  for  coofing  in  vacuo,  ot  in  gasetf,  bein^  thus 
prepared,  it  remained  merely  to  observe  ihe  rate  of  c^oohng  by 
Sblktis'qi  a  Watch  with  asecond's  hand  at  equal  intervals  of  time. 
Bu£  ihe^e  temperatures  require  two  correctioiis,  which  we  shaU 
2bi|l)|'oat.  In  the  fltst  place;  it  is  obvious^  froili  the  nature  of 
par  anpdahltus,  that  after  a  short  time  the  stem  of  the  thermo^- 
myter%as  cooled  down  to  the  temper&tiire  of  the  siirroimding 
afift^'  E^p^ty  temperature  obseihred,  merefor^,  was  too  low,  by  a 
dUfiiber  or  degrees  equal  to  that  to  which  the  mercury  in  the 
sWeiri^'Would  dilate,  when  heated  from  the  temperature  of  the 
j^turt^ntciding  atmosphere  to  that  of  the  bulb.  This  correction 
Wn4*1^.51y^^c'^^*®^>  ^^^  ^^s  applied  to  all  the  temperatures 
ofts^eired.  TTie  object.of  the  second  correction  was  to  reduce 
tk^  Ikdicatiohs  of  liie  itiercurial  thermometer  to  that  of  the  air 
i^/^iabmefJsr.  ^  For  this  we  employed  the  table  given  in  the  first 
pSk'pf Ms  iheifaoir. 

"*■  iy^>nh^  tUtis  obtained  a  series  of  consecutive  temperatures  of 
ibe  thermometeri  it  only  remained  to  apply  to  that  series  the 
itf6ae*'6fTtolcdWion  which  we  have  explamed  above.  We 
^Si^d^'if  ]fli€Sti^^^  which  were  represented  each  by 

<^p|rm|^;os  jitpxeprmm .  a*  *+^  ^  in  which  t  denotes  the  time ; 
e^iB^^ese  j^rm^  served  to  cqlculate  the  velocitv,of  cooling  for 
t]^^'^ ^^^£Seif*ent, ,e^^^  of  temperature;   but  thjBse  yejociticis 

reqiikpd  "a ^ffiimiiution  easily  de^^  each  case.    That  it 

may  be  conceived  in  what  this  consists,  we  must  remark,  that  the 
cooling  of  the  bulb  of  the  thermometer,  arising  from  the  loss  of 
heat   which  takes  place    at  the  surface,  •  is  aivjo^^  ^  >i\ARi 
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augmented  by  the  entrance  of  cold  merciuy  fitai  the  etem  of 
the  thermometer.  But  the  volume  of  mercikfy  beiHg  known, 
and  likewise  its  temperature,  it  was  easy  to  estimate  exactly  the 
amount  of  this  correction,  which,  though  very  amall,  ought  not 
to  have  been  neglected. 

Such  is  the  mode  which  we  always  followed,  in.  conduct- 
ing and  calculating  all  our  experiments.  We  satisfied  ourselves 
with  determining  fiie  velocity  of  cooling  for  excesses  of  temper- 
ature, differing  from  each  other  by  20  degrees.  And  that  we 
might  not  make  this  memoir  too  tedious,  we  have  withheld  all 
the  intermediate  calculations  which  led  to  our  detenninations. 

We  shall  now  enter  upon  a  detail  of  our  experiments,  stating 
them  in  the  order  in  whicn  they  were  made. 

Our  preliminary  researches  haviuj?  made  us  acquainted  with 
the  influence  of  the  nature  of  the  snrrace  upon  the  law  of  oodisg, 
it  was  necessary  to  study  that  law  under  different  states  of  the 
surface  of  our  thermometers.  But  it  was  necessary  likewise  that 
these  surfaces  should  not  experience  any  alteration  from  the 
highest  temperatures  to  whicn  they  shomd  be  exposed.  "The 
oiuy  two  wnich  appeared  to  us  to  answer  this  conditioB  are 
surfaces  of  glass  and  of  silver.  Accordingly  most  of  our^^pe- 
riments  were  made,  first  preserving  to  the  thermqinetisf' its 
natural  surface,  and  then  covering  it  with  a  very  thin  letf  of 
silver.  These  two  surfaces  possess,  as  is  known,  very  difliBreDt 
radiating  powers  ;  glass  being  one  of  the  bodies  which  radiate 
most,  and  silver  of  uiose  which  radiate  least.  The  laws  to  tlliich 
we  have  arrived,  by  comparing  the  cooling  of  these  two  surfaces, 
are  of  such  simplicity  that  there  can  be  no  doubt  of  their  being 
applicable  to  all  other  bodies. 

{To  H  continned.) 


»fp 


Article  II, 

On  Mr.  Tennent'n  Bleaching  Salt :  known  %  the  Name,  of  Oxy- 
muriate  ofLi?ne.    By  Thomas  Thomson,  M.D.  F.K.S. 

When  I  was  drawing  up  the  fifth  edition  of  my  Systefn  of 
Chemistry,  one  of  the  substances,  respecting  whioh  (  -feimd 
myself  unable  to  form  a  definite  opinion,  was  the  teaching  salt, 
onginaUy  invented  by  Charles  Tennent,  Esq.  and  weS  knowti.in 
commerce  under  the  name  of  oxy muriate  (flime.  I  found  h^elf, 
therefore,  obliged  to  omit  the  substance  altogether,  resolving, 
however,  to  ascertain  its  nature  as  soon  as  I  should  have  suffi- 
cient leisure  for  that  purpose.  I  got  a  quantity  of  it  accordingly 
from  Mr.  Tennent,  last  autumn,  quite  fresh,  and  subjected  it  to 
the  requisite  experiments.  I  shall  in  this  paper  give  a  short 
sketch  of  the  principal  facts  whieh  I  observea,  reserving  a  more 
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detailed  account  of  the  experiments  till  some  future  opportunity ; 
for  more  time  than  I  can  at  present  command  would  be  requisite 
to  disentangle  the  useful  from  the  immaterial  or  indecisive  expe- 
rimentSy  with  whieh  they  are  mixed  in  the  journal  which  was 
written  down  at  the  time. 

1.  Oxymuriate  of  lime,  when  recently  prepared,  is  quite  dry  to 
the  feel.  It  has  a  peculiar  smell,  bearing  some  relation  to  that 
of  chlorine,  but  not  so  offensive.  Its  taste  is  hot  and  astringent. 
The  hot  taste  is  probably  owing  to  the  uncombined  quick-lime 
contained  in  the  powder ;  for  when  the  oxymuriate  of  lime  is 
dissolved  in  water,  the  taste  of  the  solution  is  merely  astringent. 

2.  Fifty  grains  of  the  powder  being  digested  in  a  sufficient 
quantity  of  water  to  dissolve  the  soluole  part  of  the  salt,  and 
poured  upon  a  filter,  left  a  Quantity  of  lime,  partly  in  the  state  of 

auick-Ume,  and  partly  in  tne  state  of  carbonate.  Concluding 
lat  the  carbonic  acid  had  been  absorbed  during  the  drying  of 
the  lime,.  I  digested  the  insoluble  residue  from  other  50  gr.  of 
the  salt  in  diluted  sulphuric  acid,  evaporated  the  liquid  to  dry- 
ness, and  e^osed  the  sulphate  of  lime,  thus  obtained,  to  a  red 
heat.  It  weighed  27*8  gr.  indicating  1 1*68  gr.  of  lime. 
.  .3.  The  portion  of  the  oxymuriate  of  lime  dissolved  in  water 
•nsddened  turmeric  paper,  and  when  left  exposed  to  the  air,  a 
ctvst  of  carbonate  of  lime  was  formed  in  the  surface  of  the 
liqimd.  Hence  it  was  obvious,  that  besides  the  bleaching  salt,  or 
^litymuriate  of  Ume,  the  water  had  dissolved  Ukewise  a  portion  of 
UlAe,  aod  was,  therefore,  in  the  state  of  lime  water. 
.  ,4i.  The  solution  obtained  by  digesting  50  gr.  of  the  bleaching 
|>owder  in  water  and  filtering,  was  mixed  with  an  excess  of 
sulphuric  acid,  evaporated  to  dryness,  and  exposed  to  a  red  heat. 
The  sulphate  of  lime  formed  weighed  31*5  gr.  indicating  13'23  gr. 
of  lime. 

5.  Another  similar  solution,  obtained  from  50  gr.  of  the  bleach- 
ing powder,  was  precipitated  by  nitrate  of  silver.  The  chloride 
of  suver  obtained  weighed  55  gr.  indicating  13'56  gr.  of  chlorine. . 

6.  Now  if  we  consider  the  bleaching  salt  to  be  a  combination 
of  .chlorine  and  Ume,  or  a  chloride  of  hme,  as  I  shall  afterwards 
show  ft  tcf  be,  we  shall  find  the  quantity  of  uncombined  lime  in 
the  's<5lution  by  sabtracting  firom  the  total  quantity  of  dissolved 
linker  .t^t  portion  of  it  which  is  in  combination  with  the  chlorine. 
litiB  Quantity  may  be  found  as  follows  : 

;,  ^.The  weight. of  an  atom  of  chlorine  is  4*5,  and  of  an  atom  of 
Sflm  S^eSfS  i  the  quantity  of  chlorine  in  50  gr.  of  the  bleaching 

J pwd^r  iBfW-56  gr. ;  therefore,  4-5  :  3-625  ;:  13-56  :  10-92  = 
m^  AQute^tOi  the  chlorine. 

«k  ■    ' 

^    ^         Total  lime  in  the  solution 13-23 

!  Lime  united  to  the  chlorine 10-92 


Uncombined  lime  in  the  solutioB  • .  s    2*31 
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Tb.JVom  the  preceding .  experimentBi  it  :f(do0i  ^sappoeiiifg 
whatis  caUed  oxymuriate  of  lime  to  be  a  cfaloxideiof  ik|if>^jtti«(i 
the  -oompofiitioDL  of  the  bleaching  powder  ^^^htaliii  ifexainined  Ym^ 

1.  Undissolved  portion ;  viz.  lime 1  V'*l,l'fl8^*  '^^ 

2.  Dissolved  portion :  1 .  Chlorine .  ..... . . .  '''^"i^m' ^ '" " 

2.  Combined  lime' .  :^, ']  ^P^^' 

3 .  Uncombined lime W/' ^'S t ' '  ^ 

■     ■■■'  38-47 

Hence  the  water  and  the  impurities  in  50  gr.  of  the  bleaching 
powder,,  which  I  examinedi  amounted  to  11*63  gr.  /or  aovewhat 
more  than -fth  of  the  total  weight. 

8.  The  uncombined  lime  in  the  specimen  which  I  examined, 
which  was  newly  prepared,  amounted  to  15*87  gr.;  while. tfaf 
portion,  united  to  the  chlorine  was  10*92  gr.  ^  so  that  the  uncom- 
Dined  lime  was  to  the  combined  nearly  in. the  proportion  of  thniifi 
to  two.  In  the  experiments  which  Mr.  JDalton  published >on4u? 
salt,  in  the  first  number  of  the  AmaU  of  Philosophy,  jbu^^^u^ 
one  half  the  lime  united  to  the  chlorine.  I  made  some  attempta. 
to  repeat  bis  ;tnode,  of  analysia,  but  did  not  succeed..  Wl^ 
protosulphatc  of  iron  wtM  added,  to  the  solution  of  the  hI|eiacb)P{[ 
^alt,  it  acquired  a  de^p.red  colour  from  a  few  drops,  juu" 
speedily  became  impossilje, for  me  ,to  determine  whetherltL,.., 
added  a  sufficient  ^uan|a^  of  protoiiulphate  or  not.  Mr.  DfMtfia- 
has  not  been  explicit  enoush  in  his  description  ^f  his  mc^  <«l 
analysis,  to  enable  other  chemists  to  repeat  his  process.  Of 
course  I  am  unable  to  state,  whether  the  difference  oetween  Mr. 
Dalton's  results  and  mine  be  owins  to  the.  different  modes  of 
analysis  which  we  followed,  or  to  a  difference  in  the  composition 
of  the  bleaching  powders  which  we  examined.  I  think  it  very 
likely  that  both  causes  contributed  to  produce  the  difference 
which  exists  between  us. 

II.  Nature  of  Oxymuriate  of  Lime. 

But  the  principal  object  of  my  experiments  on  the  bleaching 
powder  was  to  ascertain  the  nature  of  the  compound  formed 
when  chlorine  is  made  to  pass  through  hydrate  of  lime. 

1.  1160  gr.  of  the  dry  powder  were  put  into  a  glass  retort,  the 
beak  of  which  was  lutecTto  a  bent  tube,  the  end  of  whic^^as 
plunged  into  a  water  trough,  arid  a  glass  jar  full  of  water  was 
inverted  above  it.  The  retort  being  heated  on  a  sand  bath^  jp 
came  over,  and  continued  to  come  over  for  some  hours.  Ine 
whole  quantity  thus  extricated  measured  164  cubic' inches,  and 
was  pure  oxygen  gas.  The  dry  salt  in  the  retort  had  lost  its 
smell  and  its  action  on  vegetable  colours ;  and  when  digested 
in  water,  a  solution  of  common  muriate  of  Ume  was  obtained.  I 
conclude  from  this  experiment  that,  in  the  bleaching  salt,  the 
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chioiiii9'li«i  united  tidfe  to^akunmibut  to  lime ;  and  that,  there- 
(ami '  the  ibieaching  nit  of  Mr.  Teunent  is  in  reality  a  dkloride  of 
Um&i  te'khaa  fakfaertorbeeii  mijppoBed  to  be.  When  itia  heate^ 
the  Ume  parts  with  its  oxygen,  and  is  converted  into  calcium, 
and  th^  chloride  of  lime  becomes  a  chloride  of  calcimn.  Of 
course  it  loses  its  peculiar  prc^erties,  and,  when  dissolved  in 
water,v  is  nothing  else  than  a  muriate  of  lime. 

Hence  4lie  reason  that  during  the  preparation  of  the  bleaching 
powder^,  it  is  necessary  to  keep  the  temperature  of  the  lime  very 
low.  if  it  be  allowea  to  acquire  heat,  the  chloride  of  lime  is 
converted  into  chloride  of  calcium,  and  becomes  useless  for  the 
purposes  of  the  bleacher.  ProbaUy  unslacked  lime  might  be 
united  with  chlorine,  if  its  temperature  could  be  kept  low.  But 
when  the  attempt  is  made  on  a  Iar?e  scale,  so  much  heat  is 
always  generatea  that  the  lime  is  speedily  converted  into  calcium, 
add  the  obiect  frustrated. 

'2.  I  find  that  baryten,  istrontian,  potash,  and  soda,  may  be 
united  to  chlorine  as  well  as  Ume,  iso  that  chlorides  of  these 
bfkeieb  exist.  They  ar^  easily  obtaixied  by  double  decomposition 
ftCrtH  chloride  of  lime.  When  heatetL  they'  give  out  oxygen  gas, 
a^' Aif&'cptiverted  into  chlorides  of  bahum,  strontium,  potas- 
sidlti,'''and  sodium.  It  is  pirobable  iliat  biany  of  the  metallic 
oidd^  Mte  capable  of  forinitig  chlorides  likewise.  Indeed  from 
tttb  'tlnals  wmch  I  made,  I  have  litti^je/doubt  that  8<5lution  of 
cHldiifl^  6f  lime  may  be  emplttyed  \^4ift '  advantage  to  procure 
8^^ -of 'the  metallic  chlorides  in  qiic^titiesafnd with  faciUty. 
tittt  f^^  discussion  of  these  and  many  other  pbini»,  I  must  leave 
tillk  future  opportunity.  .     - 

■ ' » ■  ■  I  ■.  ■    ■  I : 


'   •  ' '* , 


Article  III. 


On  the  Reduction  of  Lunar  Distances  for  findins  the  Lonsilude. 

.       ByDr.Tiary. 

(To  Dr.  Thomson.) 

SIR,  ChaUangay  Woodsy  North  AtMrica,  Sept,  19, 1818. 

The  method  of  determining  the  longitude  by  observations  of 
lunar  distances  is  by  far  not  so  commonlj  practised  as  it  might 
b^  ek{^bcite'd,  cohsiaering  the  number  of  mstruments  fit  for  such 
piiipbijed  Ji^hich  are  in  common  use.  The  calculations  which 
sucp  observations  require  are  a  great  obstacle  with  most  people. 
Mendo^if  tables,  by  Which  they  are  very  much  abridged,  do  not 
seem  to  be  in  general  use ;  and  the  methods  contained  in  the 
common  books,  oesides  being  often  very  inaccurate,  require  not 
unfrequently  more  labour  and  rules  than  the  direct  formulse. 
Seamen  commonly  compute  by  different  methods,  in  order  to 
guard  against  mistakes  ;  but  in  cases  of  a  disagceem^xiXi  oi  >^^ 
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resnltSy  they  are  uncertain  in  which  calculation  the  mistake  lies, 
and,  as  I  have  obsferred  my£K)lf,  have  often  neither  patience  nor 
time  enough  to  find  out  the  errors  which  are  easily  conumttedin 
logarithmic  calculations. 

It  appeared,  therefore,  to  ine,  that  a  method  susceptible  of  aa 
easy  check,  like  those  which  Prof.  Gauss  has  introduced  into 
astronomical  calculations,  ¥70uld  be  desirable  both  for  astrono- 
mers and  navigators^  The  method  which  I  propose  -  for  this 
purpose  seems  to  deserve  notice.;  and  I  can  recommend  it  the 
more  as  the  practical  seamen  tp  whom  I  have  had'an  opportunity 
of  communicating  it,  have  found  it  easy  and  useful. 

Reduction  of  the  apparent  Distances  of  the  j^qohfrom  wcekstid 

JBody  to  the  true  Jbistance. 

Let  be 

D's  altitude  J  fr""*  =  A'    ® '"  ^'^^^^  ^^^''^^  [  tST'  =  H' 

Distance  VfPi^^^^*  =  S,    SLlIIJ?  ==  S. 
^tfue         =  IK  2 

and  the  angle  at  the  zenith  in  the  triangle  formed  by  the  moon, 
the  celestifu  body,  and  the  zenith  =  Z. 

We  have  immediately  the  two  following  equations  : 
Sin.  A  .  sin.  H   +  bos.  A  4  cos.  H  .  cos.  Z  =  cos.  D 
Sin.  A'  .  sin.  H'  +  cos;7a^  •  cos.'iH'  .  cos.  Z^=  cos.  D;  therefore, 

Zcos.  &  —  sin.  A  •  sin.  H      •  c#t.  &  ^  sin.  h' .  sin.  H'  ,  v 

=  — r =— ^  = r, 7i7 (*) 

X  COS.  h .  COS.,]!  COS.  h' .  cos.  H'  ^  '    ■ 

From  this  is  easily  derived, 

cos. D'  =  sin.  h' .  sin.  H'  + 1 — ^-—^ — ^~ .  {cos. D  —  sin.  A .sin.H} 

COS.  H .  COS.  H     ^  ' 

and  from  this  by  adding  and  subtracting  on  the  left  cos.  H'  .cos.A' 
COS.  D'  =  COS.  (H'-  h')  +  '"••  \-  ""•  "'  {cos.  D  -  cos.  (H  -A)} 

^  ^  COS,  h .  COS.  H    *^  \  n 

but  cos.  D— COS.  (H  —  A)  being  equal  —  2  sin.  ( — "^      *"   ] .  sin 

/D  -  H  +  A\ 

(-T— ; 

we  have  likewise, 

T\/  /Ti/         7/\         fv  COS.  A' .  COS.  H'      .      /T)  +  H  — "Jri      '• 

COS.  D'  =  cos  (Ir  —  AO  —  2  -— — - — -, .  sm.  { 3 J .  sin. 

(-^±t)  or 

,  ^  ao,;(H^-AO  -2^^^' :  ^in:  <^^- A)  -sin. 

(S-H)  i,,... ....i..>.   ...  (ft 

Suppose 

-*"*  , ' ''°''  „  sin.  (S  —  A)  .  sin.  (S  —  H)  =  cos.  «*,  or 

CM.  h  .  CM.  H  ^  '  ^  '  ' ' 
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t'5SirjT^nr®^*'(^  ^  *)  ^^^-  ^^  ""  ^^1  =  cos:^  (A),  and 

QP««.^'>=fj,pDs,  (H'  —  AO  —  2  cos.9%orby  substitutuigl  +  cos. 

2,f)  ifc^x  ?  cps.  9« 

C€&..C  w:c<)s.(H'  r-*0  —  l.-T.oos..2f.and 

1  +  eb9>\If  «  COS.  (H'  —  A')  *^  COS.  2  y,  which  gives 

.2  cos,>  b'^  ^2  sii  (^,  +  (-^^^))  •  sin,  (^  -.  C"^^^)) 
consequently 

"cog.  ^  D'  =  y/sin.  (?  +'  (^)) .  sin.  (^  --  (^^^  . .  (B) 
.  We  have  by  (a) 

C9S.  D  —  tin.  h  .  sin.  H        cos.  D'  —sin.  A' .  sin.  H' 


*'   . 


COS.  h .  eos.  H  cua.  k'  cos.  H' 

But 
COS.  D  —  sin.  A .  sin  H         «         cos.  D  —  cot.  k  .  cos.  H  ^  si^.  A  .^tin.H 

cos.  h  .  cos.  H  '  cos.  A  .  cos.  H 

D  +  H— 'A 


_   .     /D  +  H-  AN     .     /D  -  H '+  A\ 
g  stn.  f  ■  i»»D.  ( ) 


COS.  D  —  cos.  (H  —  A)    X  ■     '  •  -  ••     #*/.*•  «         f  Y 

in 


COS.  A  .  cos«  H      •  6(DJt.  A-  cot.'U  ■<     .  *  *  * 

,,  »n  t-     cos.  ly -1-itlO.A'*  siB4H>         , 

toi^^ame  manner  wiU  be -rr-n is; i  « 


.  .    /D'  +  Hf  --  A'\      .     /ly  •-  H'  +  A'M 


■  1 


cos.  hf  .  cos.  11' 


s.n.  ( g )  «tH>  (■    -g'       j     . 

Hence  '    >  -^  = 

cos.  A  .  cos.  H 

>■  f   I      ■  II.         i'  ■  I    I       I  I, ...■  I       Qf 

cos.  A' .  cos.  H'  ' 

,«n  (S  -  A)  .  sin.  TS  -  H)co8.  A' .  cos.  H'  .       /  D'        ,H'  -  A'.  \ 

»--i : ij : u-X  da'  Bin.  (—  +  (—5—))  .  Sin. 

COS.  A.  COS.  H  V2  V      z       // 

(f-(^^)) (C) 

It  wjay  J>e  remarked^  that  when  //  >  H' ,  — - —  is  to  be  sub-  ' 

stituted  inl^the  equations  B  and  C. 

The  equation  (A)  gives  (p,  and  D'  is  found  by  (B).  The  tenn, 
to  the  left,  (of  the  equation  (C))  is  the  same  as  cos.  p«  pre- 
viously founds  which  thu*t  be  ttfael  to  the  other  term  of  (C),  for 
the  calculation  of  which,  D'  is  required.  If,  therefore,  D'  as  found 
by  (B),  makes  this  term  equal  to  cos.  ^*,  the  calculation  is 
correct,  otherwise  not.  An  example  may  illustrate  thp 
whole. 


I 

Q»j(6  16.50     '.  Jf^seoWlfi"  _      ^     ,   q     _     ^. 

D«im  40^^'  V«18S*4S-   »  .0  .      ' 


175.0  3^    -^-^'-v  V-.    ;*oi  i^V*  ^.'T    *j*T'.»/ 


1  *        t    ( 


8-87  6^>80  . 

A  =»  17  47  87      ..cdiiip.eot.sO-OSli2817 
H  «  56  10  50     ..€oaip.coi.e0^5d6070  '.     \  .  uiril*    .1:  :i -.' 


S-A  «  70  08  OS     ..sId,  -9^SS546  JD'    ^ -Bd^'SO'toO*  " 

S*-H  »  31  38  40     ..stiu  -*9-71#8667  lL=i'»»l8  48  47-5     ' 


B'  »  56^  16  18     .  .coi.  «=9'7444dSl  tma    «>69  17  47i5  .  jvi|;^>»C(*97100n 

ik'  s  18  88  43     ..COS.  »9-9765866  dift    »31  40  ld'5  ..ein.«9^80lffi6 


H'-A'«S7  37  35     ..cos.  <^«       =9-6911906  9'09ll«» 


-»-^ 


8 


18  48  47-5 


» .     .  V*  )■;.'•  ■'-■ 


t  45  30|l*05..coe.t       f>9*84559^  


Son.  »  64  19  18*55.vsfiL  a«9.9548414 

Diff.   =«  26  41  43*55.  .sio.  »9-6524859 


■  i 


cos.iiy«=:9*6073S73 

cM.iiy  B9-8086637 

iD'4  50^89^   00'' 
OV^rlOd    58    00 


It  is  clear  that  it  v^bidd  be  Tcry  easy  to  prepare  priiited  forms 
to  be  filled  up,  and  that^  the.xalculations  would  Decome  more 
accurate,  and  not  liable  to  mistakes. 

'.  ^lam^Sir^iyourebedient'seF^ant^i/l    A- 


Mathematicql  J^rpbfp^^^    l^y  J^mesA^ 

YoxjE  inserting; the  fondwingpi»blem9,:&^^  in. th^ -4???*^2f 
Philosophy,  will  much  oblige  yoinr  most  obedienlscnrant,  '^ 

James  Adams. 


Pro&/em>.-rr7o:4&^pbte  (lifik^aieic^  HichfudsaraLvMii^aroi 
two  arcs  by  logaritKms  •  ;  /       w      >>  v 

Per  trigonometry,  cos,  B  —  cos.  A  ^  2  •  sin.    '    '    .  sin. 

A  — B  - 1  ,^,..    -  '.<■.  f    .,..'.    '  •_  .. 

— — .      „_  .  ■       .-o..  ;.-  r- ?%  ;.''^ 


< 


Problem  2.— To  find  (A  +  B)  -  B,  By  logarithxp^^^  .^ 
:A  +  B)  -  B  =  (1  -  j4b)  (A  +  ^-    ^^^<*  ^m^timu. 
ponding  to  the  log.  sin.  a/  ^ — g,  which  denote  by  C ; 

rhen  2  log.  COS.  C  +  log.  (A  +  B)  «  log,  i  (A  +  B)  -  B  }. 

This  solution  depends  on  the  property  sin.*  A  +  co6.*  A  as  rad.* 
Problem  3.— To  find  1  —  (1  +  »i)  by  logarithms. 

1  -  (1  +  w)  «  -  {  (1  +  HI)  -^  1  }«  -  (1  -*  j-Lj.)  (1  +  m). 

Rnd  an  arc.  corresponding  to  the  log.  sin.  a  / --^  which  le- 

p^ent  by  D ; 

'aen  —  {  2  log.  cos.  D  +  log.(l  +  m)  }  =  log.  {  1  -  (1  +w)} . 

This  solution  also  depends  on  the  property  sin.*  4-  +  cos.*  A  = 
rad.«. 

Problem  4. — To  reduce  the  obserired  distance  of  thcxoppn  and 
snn,  or  moon  and  star,  to  thetmO)  by  the  additionot iofHi  sine»y 
and  cosines,  only.  "       '  ■  r.r    .  .^  ^-  :i'  * , 


r...      ,  .  „  ,.    _ 


S> 

Let  M  aiv^i&i«pns9Btet'ibe'ti;u0^aoe8  bf  the  moon  and  sun, 

or  star;  fvtoland  sf  the  apparent  places,  m  $  the  apparent  distance, 

M  S  the  true  distance^.  Ziha  zenith,  and  H  R  tne  horizon  of  the 

place  of  observation. 

Put  half  the  sum  of  the  apparent  distance  and  difier-\  ^  ^ 

ence  of  apparent  altitiiitfcs.-. V  ^'.'■•\  ^ J  "" 

Half  their  difference =  B 

MS  tli^'fliJferengrof  tlie  ttaWMtides  . . .  : =  C 

Tbeiypep^mpsoit'tf  Trigonometry,  p.  74. 


i<^ 


c;  I/!  A  a  A  ^  :i  11 A  >.  From  whence 

sm.  Z  S .  i^n,  A  M 

Or, 

S-mjr  y-Air  Tfe  a  ttv  r  COS.  (f  H  —  hi  R)  —  COS.  f  HI  > 

M  =  cos.(MR-.SH)-   i      c.....ii.c.«>»H      i 

cos.  S  H  .  COS.  M  R 


• 
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o  Tk/r                    i^         2sin.  A  .  pin.  B.  C08.  9  H  .Wii'MH-'-  *    /  '  <5n< 
COS.  S  M  =  COS.  tf = — — 5-r-i 1   ».\.**'*v.  '  \ 

Or,    ■  '-''    '-  ""^^  "^^- 

-,  V/r         /I         ^s'n.  A .  fill.  B .  COS.  S  fl  ;  *ior.^  HV       -'li,  ^  ^  ''^^ 
COS.  S  M  =   (1   -      ■      co.:mR.cos..H.co..C  ]  <^0»-<?dil.  ..t 

Then  by  Problem  2  (when  the  apparent  distance  is  less  thaa 
90^),  we  have  ^.i-  -    '. 

Jitt/e  l.—Log.  2 =s 

sin.  A • =  -  ! 

sin.  B.  « .  •  • = 

cos.  star's  true  alt.  ...  .• =    .-    ,., 

COS.  moon's  true  alt.  ...»••«.  ^p 
cos.  star's  app.  alt.  (ar.  com.)  .  ss 
COS.  moon's  app.  alt.  (ar.  com.)   =»     ^  . 

COS.  C  (ar.  com.)  ••«..»••.«•••= 

I.I     — ^h—p. 

Sum  of  logarithms = 

Halfsum,  corresponding  to  sin.Dss 

■    ,  S  J' 

2  log.  cos.  D. ==  * 

log.  COS.  C =  '" 


COS.  true  distance. 


■  r.*i 


And  by  Problem  3  (when  the  ^parent  distance  is  greater  thi^ 
'    90°),  we  have 


Rule  2.— Lo<r.  2 


sm.  A = 


sin.  B =  ., 

Cos.  star's  tirue  alt. =  ^  / 4 

cos.  moon's  true  alt ;.  =  Co 

COS.'  sta,r's  app.  alt.  (ar.  com.) . .  =  ,  -  /  .5  yV 

cos  moon's  app.  alt.  (ar.  com.)  .  ==  ,,  ,1  ,      .. 

COS.  C  (ar.  com.) =  ^^'  '''' 


m       \ 


Sum  of  logarithms 
Half  ari  com.  of  ]^m  corres- 1  _ 
ponding  to  sin.  D j  "" 

2  log.  cos.D.  .•:;..■.-•..*. .'...  =;?     ^i  i.iK 

sum  of  logs,  as  aboTie.. ...:.,.  ^^i.-r    .y^ 

';;    ■  )      ::   .<^.P&!  sup.,  of  true  distance,  q...^;  js^t,...^^^  y,.^ 

Nbfc  1. — The  difference  between  the  apparent  and  true  dist- 
ance can,  never  exceed  one  degree.  (£men^on'j^.Mife(cellaiCkieS; 
page  206.) 

r^ote  2.— The  error  of  one  second  in  calculating  the  moon's 
distance  will  produce  an  error  of  half  a  mile  in  longitude.' 


.— • 


/ 
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The  following  example^  w^  f^o^bow  very  simple  the  opera- 
ns  by  these  rules  are. 

Example  I. — Given  the  apparent  altitudes  of  the  moon  and 
a-27^  2'  3(y'  and  69^  11'  52'';  the  true  altitudes  27^  63'  25", 
«  11' 22",  and  the  apparent  distance  59^  25'  34"  ;  to  find  the  ^ 
le  distance. 

From  the  data 

A  =  46^47'  28",  B  =  13°  38'  6",  and  C  =  31^  17'  57". 

Then  per  Rule  1. 

'g.2 = 

sin.  A =45° 47' 28" = 

sin.B ..  =  13  88    6 = 

cos.  sun's  true  alt. .  .=69  11  22    ..••••.•  ;= 

cos.  moon's  true  alt.  =27  53  25   = 

COS.  star's  app.  alt.  .=89  11  52  (ar.  com.)  = 
COS.  moon's  app.  alt. =27  2  30  (ar.  com.)  = 
COS.  C =31  17  57  (ar.  com.)  = 


0-3010300 
9-8553995 
9-3724266 
9-7094406 
9-9463761 
0-2904536 
0-0502802 
0-0683050 


Sum  of  logarithms. •  •  • '• .  = 

Half  sum  corres-7  _#Qft  a'j    q             *       — . 
ponding  to  sin.  D  3  "  *^^  ^^     ^. ~ 

2  log.  COS.  D •  •  •  • .  ^ . 

COS.  C •.;..••••.. 


•.  f^' 


19-5937105 
9-7968662 

9-7836276 
9-9316950 


COS.  true  distance  ,.  =^54  ^20' ...... ..  =     9-7153226 


.  Sanderson'; 


The  same  as  determined  by  Mr.  Sandmen's  rule  in  the 
idies'  Diary  for  1787,  but  9"  less  thaikis  given  at  page  47, 
equisite  Tables,  whence  the  example  ,ia  taken. 
hxample  2.— Given  the  apparent  altitudes  of  the  moon  and 
BUT  28°  29'  44"  and  45°  9'  12" ;  the  true  altitudes  29°  17'  45", 
;°  8'  16" ;  and  the  apparent  distance  €^3°  36'  13" ;  to  find  the 
[ze  distance. 

From  the  data 
k  =  40°  7^  20^",  B  =  23°  27'  62^",  tJidC  =  15°  50'  30". 

The¥ipei:  Ride  1»^ 

)g.2 ...*...  = 

sin.A =40°   7'20±'' = 

sin.B. .=23  27  62^.   ........  = 

cos.  star's  true  alt.  =45    8  16 = 

cos.  moon's  true  alt.=2d3 1/F  45.  .>V. . .  * . . .  = 
cos.  star's  app.  alt.  ,=46  9  12-  (ar.com.)  = 
cos .  moon's  app  .alt.  i=i98  29  44  ■  ■  (ar.  cdni .)  = 
cod.C =  15  50  30    (ar.  com.)  = 


0-3010300 
9-8091704 
9-6000818 
9-8484403 
9-9405687 
0-1516804 
0-0560832 
0-0168160 


V   I 


Sum  of  logarithms =  19-7238708 

*  There  is  no  necessity  for  taking  out  the  arc  D  ;  -for  having  jCoaod  the  half  fam 
(oogft  the  log.  sloes,  the  log.  cosines  even  therewith  may  bt  ea&iVf  %eei\t  as^\u 
able  taken  out  at  once. 
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^u^ 


2Iog.cos.D ,.,.m  9'e»666t 

COS.C ..<  mt  ^'9fSm 

...                    ■  ■                               Oil! 

COS.  true  distance.  .=:63      5    1&     ••••••  a  8'66674K 


The  same  as  determined  by  Mr.  Sanderson's  rule.  By  Borda's 
iheoremy  it  is  63®  6'  8^^.  See  Dr.  Gregery*^.  Trigonometiyy 
page  179. 

Example  3. — Given  the  apparent  altitudes  of  the  mooii  and  sim 
22®  16',  and  2P  36';  the  true  altitudes  23®  ©'22",  21^  Sg'  44", 
and  the  apparent  distance  119®  20'  34";  to  find  the  true  dist- 
ance. 

From  the  data 

A  =  60®  0'  17",  B  =  59®  20'  17",  and  G  =:i  1°  33' 38^',- 

Then  per  Rule  2.. 

Log.2 «  (VSQioaoo 

sin.  A : =60®0'17" =  9-83*§613 

sin.  B =59  20  17     «  9^8345960 

cos.  sun's  true  alt.  .  =21  32  44     =  9'96S5417 

COS.  moon's  true  alt.=23    6  22     .... =  9^9686838 

cos.  sun's  app.  alt. .  .=21  35    0    (ar.com.)  =  0-0619714 

cos.  moon's  app.  alt.  =22  16    0    (ar.com.)  =  0*0336046 

cos.  C =  1  33  38    (ar.  com.)  =  0-0001611 

Sum  of  logarithms =  0*1707389 

Half  ar.  com.    of^  . .  ^, . 

sum   correspond-  V  =56  14  23     =  9*J9146306 

ing  to  sin.  D  .  .  .J 

2  log.  cos.  D =  9-^118^ 

cos.C T»>SKMwaw 

sum  of  logs,  as  above =  0-1707389 

COS.  sup.  true  dist.=  61   13  12 •.  =  9'6$2M^ 

true  distance .  =  118  46  48  "^ 

The  same  as  giy^in  Dr:  Kelley'a  Spikerics,  p.  184^  ami  as 
determined  by  Mr.  Sanderson's  rule.  -    > 

If  the  logarithmic  sines  and  cosines  be  taken  fitM»«-lfa. 
Michael  Taylor's  very  valuable  tables,  the  solution  of  theMUem* 
would  then  be  rendered  very  easy ;  but  I  am  appvehwiuM'that 
the  necessary  high  price  of  those,  ^^celleat.  table^^  pra?eilte^tfai8ir 
being  us^  as  often  as  they  othervdse  would  be.  This  mctevtatuttice 
might,  in  a  ^at  degree,  be  obviated,  by  printkig  diarMMfe  and 
cosines  only  m  one  volume  of  a  convenient  size ;  which  is  all  that 
is  here  required.    Indeed  if  Government  were  to  keep  suck 
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babkB  in  itore,  and  supply  on  moderate  terms  those  oScen  with 
them  whose  duty  it  may  be  to  determine  the  longitude  of  a  ship 
At  sea,  it  would,  in  my  opinion,  render  the  working  of  a  lunar 
^frfertxE^ion  eonsiderably  more  correct^  more  general,  and  less 
laborious  than  at  present;  for  a  person  with  a  very  moderate 
knowledge  of  arithmetic  might  learn  the  use  of  such  tables  and 
the  above*mentioned  rules  in  a  f«w  hours. 

Errata  in  No.  LXIX,  Sept.  1818. 
Page  205,  line  16,  in  the  numerator,  read 
sT"^  {a-^bary^-^m^  n)fa c 

Page  206,  line  2,  read  +  ^-^  +  ^«/r--»  d  c 

Page  207,  line  26,  in  the  numerator,  read  (a  +  cas')"'*"*  x  d 
Page  208,  hne  2,  in  the  last  term  of  the  numerator,   read 
(a  +  c  z*T 

Page  208,  line  7,  in  the  last  term  of  the  numerator,  reai 

Page  208,  line  18,  read  s  I. 

Ill  pages  204  and  206,  change  Formula  into  Formula  where 
MceaBATy. 


^■■p 


Akticle  v. 

0§i  the  Maxima  and  Minima  of  Quantities  (fiy  common  Algebra). 

By  Mr.  Thomas  Slee. 

Terril^  near  Penrith^  Jmn.  13,  1818. 

I  -Trb  design  of  the  following  paper  is  to  enlarge  the  province 
of 'edmrnon  algebra,  by  extending  it  to  the  maxima  and  minima 
of  analytical  functions.  Should  it  appear  to  you  to  be  new,  and 
«f  ifeil^ent  importance  to  merit  a  place  in  the  Annals  of  Philo^ 
9^pMjf,  the  insertion  of  it  in  a  fiiture  number  will  much  obUge 

Thomas  Slbe* 


—Let  y  be  any  function  of  a  variable  x  represented  by 
/  X,  and  admitting  of  a  maximum  or  a  minimum ;  then  in  the 
eqaatimafx  sa  y,  jrhas  always  two  different  affirmative  V^alues^ 
exoapt  WMn  jf  is  a  max.  or  a  min.  ana  in  that  case  these  values 
ave  eqval  to  each  other;  or  if  m  denote  the  greatest  or  least 
iFaiuo  of  jp^the  emwtion/ar  as  m  has  two  e<][Ual  affirmative  roots^ 
ISMf'ttiidi  of  4m  lemma  ma^  be  shown  in  the  foIloTnng  man*' 
ner.  Bftr^  function  df  a  variable  may  be  represented  by  the 
ordinate  of  a  curve.  Let  then  M  D  M'  be  the  curve  of  which 
the  equation  vkfx  ss  v,  the  abscissa  A  P  being  denota^  \^^  x^ 
uxA  the  ordinate  P  M  Syy,  and  in  fig.  1  let  B  C\>e  tke^)cesdu^x 

voh.  xni.  N^m  N 


194 


Mr,  Slu  M  theMiximOi 


[Mxd<it, 


iL  -  p 


F«,2. 


ordinate poasible.    Then  P  M£iHt  mpreaiKia.lffl ti 
to  C  Dy  and  then  it  decreases.    Con-     . 
sequenUy  a  line  drawn  from  M  parallel 
.  to  the  axis  A  B,  wifl  oat  the  corfe 
again  in  some  point  M^  on  the  other 
«de  of  C  D.    Draw  M'  P  parallel  to 
M  P;  then  WV  =r  M  P.    Therefore, 
corresponding  to  any  particular  value 
P  M  of  the  ordinate,   there  are  two 
different    abscissa,    viz.    A  P  and 
A  P,   which  are  both  affirmative, 
being   on    the    same    side  of  the 
point  A ;  that  is,  x  has  two  different 
aiErmatiye  values  in   the  equation 
y  X  =s  y.    But  conceive  P  M,  and 
conijequently  P^  M^,  to  move  up  to 
C  D',  then  A  P  and  A  P  are  each  >. 

equal  to  A  C,  and,  therefore,  equal  to  each  other,  which,  i^w 
that  the  twp  affirmative  roots  of  the  preceding.  equatioQ  bi^^^flBie 
equal  to  each  other  when  y  ^  m.  The  same  reaa9iipig  # 
evidently  st{>plicable  to  fig.  2,  whsere  the  ordinate  P  M  issapgiqsiBd 
.to  admit  of  a  minimum  CD.  .'    .  «  b;. 

;  CorWZory. -«-Henc6  if  we  deduce  a  value  of  x  ircMn  tl^r^^^ 
ticnfx  =  tiiy  upon  the  supposition  of  its  having  twp  equiilii^^ti^ 
that  value  will  correspond  to  a.  maximum,  or  a  mipimiini,^  t  ,f 
'"..  We  shall  now  proceed  to  illustrate  this  theoiy,  by  awlying  it 
■to  a  few  examples ;  but  we  must  first  remind  the  reQjiex,i)fAt 
rule,  which  is  investigated  in  most  works  on  algebra,  twj^vLCr 
ing  equations  having  two  equal  roots.  It  is  as  follows.:  "'  '*'  ' 
each  term  of  the  equation  by  the  index  of  the  unknown 
in  that  term,  dintiinish  the  index  by  unity,  and  equate,  the  c^^ 
to  nothing.  .  Thus  if  the  equation  a  x*  +  b  a:*""'  +  c  J^"j%f  jrf* 
-fmssoj  have  two  equal  roots,  it  may  be  demoxistral 


na  x' 


.»— I  ~r 


-f  »—  1  .6a— ^  4.  „  — 2  • 


€  J*"'  e^  O. 


i.isob  icAJi 


Problem  I. — To  divide  a  given  line  or  nmnbef  («5  iB^'^wo 
such  parts  that  the  rectangle  under  them  may  be  a  ma)rimtenf^); 

Let  x  ==  one  of  the  parts,  then  a  —  x  =  the  other,  aj^^^—jMF 

X  X  sx  ax  —  X*  ==.'»^ .or  a:'  —  a j:  -f. .««  =?  o. .       . !•  / .' , :xio'\*\ 
This  em^itionbas  two  emial  roots  by.  thejemma,.;  .-;  ;;  ^A  ) 
Therefore,  by  the  preceding  ruW,  we  have   1    .    -   ^i  A)  Kiii 

Problem  2. — Fipil  that  fraction  which,  being^diniitiisheJPbBfMil* 
cube,  shall  give  the  greatest  remainder  pos^iofie.  Ldt>t|'  Sb'^ 
required  fraction,  then  x  -r  x^  ss'm  or  jc?  —  ar  +  iwl  sA  «F.*vty 

the  rule  8  X*  —  1  =*  0  and  ar  =3  V^ 


t  i  . 


Problem  3.— Find  x  when 

4.-  «  — tt 


a 


V 


m 
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MtiiltijpIyTng^  by  t '-*-"i;  "and  trknsposing,  the  equatibti  l^ecbtties 
JT*  —  Twa?  +  tf  7?i  =  o  /.'Sr  —  «7i  =s  oand  m  =  2  ir. 

Biiit  ftoAl  the  first  equation  m  a=  -i-^  .-.  -£-^  xz  3  x^  which 

rediiced  gives  x  ==  2  a. 

When  radical  quantities  enter  the  proposed  function,  it  does 
not  appear  that  the  conunon  rule  for  reducing  equations  having 
two  equal  roots  is  generally  ^plicabk.  We  shally  therefore, 
investigate  one  by  which  examples  of  this  kind  maybe  resolved. 
Since  the  equation^' x  =  ^  has  two  affirmative  roots,  let|>  « 

less  ==  root  andp  +  e  =  greatier  («  being  their  difference,  and 
represented  in  the  illustration  of  the4enmia  by  the  Une  P  P'). 
Thenp  and/?  +  e  substituted  for  x  in  the  equation yx  =  y  give 
Jhe  sanfie  result,  viz.  y.  Therefore y'o  =  y  =  jf  (/>  +  e)  (A). 
After  developing  the  second  member  of  this  equation,  and  taking 
away  the  quantities  that  are  common  to  each  side,  all  the 
remaining  terms  will  be  divisible  by  e,  and  we  shall  have  an 
<^[Hati6n  containing  p,  e,  and  constant  quantities,  which  wiD  be 
.tnie  ibr  every  value  of  the  function.  But  wheny  =  m,  e  =  o; 
^J98ibfe'^  the  teirms  containing  e  and  its  powers  wiQ  vanish, 
and  we  shall  have  an  equation  expressing  the  relation  between  p 
ifiUt '^'tilh  q^ahtitibs,  from  the  res<kutioii  of  tvfadch,  p  or  its  equal 
*>^^be!KnowTi.  ' 

L^t  us 'apply  this  method  to  problem  2,  where  we  have  given 

tf  ^ii^'ts  Iff  to  find  X  when  y  =:  m.    This  equation  has'  two 

BWkiaiiWriSots  (by  the  lemma).    Letp  =  less  root  andp  +  e 

"saiJ^^ireater.    Then  these  substituted  foi*   x'  in  the   proposed 

"teSfiOTi  p^te  the  same  result,  viz.  y.    Therefore,  p  ^  p^  ^  y 

S^Hie—  (P  +  0^  <^^  P  —  p^  =z  p  +  e  —  p'  —  3^*  tf  — 

^ji^  —  ^i    Taking  away  p  —  /)'  fix)m  each  side,  and  dividing 

theremaihing  terms  by  e,  we  have  1  —  3 p*  —  3  p  e  —  «■  ==  o. 

^^4fr(wmake  e  ±i:  o  (because  wheny  =  w,  c  vaniMies),  and  the 

last  equation  becomes  1  —  3  jp*  =  o  ,'.p  =  a/^  =s  x, 
Qi^r§fift;this  exaoiple,  it  is  evident  that  in  developing  tbe.lunc- 
^'g^j^ffiiS^^  ^)  -O^ly  two  teru^B  of  the  series  need  be  taken, 
.beeaus^  the  succeding  ones  contain  e%  ^,  &c.  and,  ther(sfore, 
dltimatet^  disappear. 

Problem  4. — Given  in  position  two  points  A,  B,  and  theline 
C  K;  it  is  required  to -determine  the  point  E  in  this  line,  so 
that  (A  £  +  BE)  may  be  the  least  possiUe. 

From  the  points  A  and  B,  let 
fall  the  perpendiculars  A  C,'  B  D, 
l4iof^'€rJK;^iifaidilQtc£  be  Ihe  re-* 
GMfired  pomt.  Fnt  .A  C-^.a, 
%!D  ^  biGT>  IP  €  and  C  E^ 
c;  then  ED=:c-ar,  AE  =  . 

V  fl*  +  x%  BE  = 

a/  (c  —  xy  -h  h^ 

N  2 
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Therefore  a/  ««  +  jr«  +  /  (c  —  x^)  +  6«  sa  y,  and  it  i» 
required  to  find  x,  when  y  =  in  (minimum). 

.  Substituting  p  and  (j>  4-  e)  for  x,  aa  j^.t^e  |a^t  ezj^mAfb-.F^ 
have  v''tf»T^  +  \/((?-;>)«+6«  =  y  a  a/ i<*'+'^^^*^,«)" 
+  a/  (c  -  (p  +  c)«  +  6«.    Now  Va*  +  (p  +  ^)  =  -/ oHT* 

Therefore  »/  a*  +  p*  +  ^  (e  —  jp)"  +  J6»  ■i  v'a*  +^4 

Taldng  away  the  quantities  that  are  c6mmon  to  each  tide  and 
dividing  by  e,  we  have  7^^  -  ^  (^^Jj^  ^  ^  =?  ^r  ^*f«^ 
wduced  givea  ;>  «  ^^  «  x.  ;■  ,.^: 

Eme^on,  in  his  Algebra,  has  given  a  rule  very  ibidd^daB^ 
thiSy  for  resolving  promems  rdating  to  the  maxima  ahdimeiDtf: 
but  it  appears  to  nave  been  suggested  to  him  by  the  ^ffer^iw 
~6&l<niltis.  At  any  fate  his  notidn  df  the  symbol  e  is  T^ry^dJfl^P 
from  ours ;  for  he  supposes  it  to  represent  an  ifdymfefy'lUDilB 
^titotity,  and  he  rejects  tife  termer  containing  iis  pa4rdt^^*l^ 
Otit  fissigning  a  very  satisfactory  reason.  Vfe  conGeiVe'^^lP'''tfii4l 
fihie  difference  of  two  affirmative  roots  of  the  equation  jf  or '^^, 
Which  is  always  a  real  finite  quantity,  except  when  y  ^ifi^irfB6f^ 
aHmit,  and  then  it  actually  vanishes.  ;.    ^'/joja* 

We  shall  conclude  this  article  with  a  concise  denkkurfic^os 
of  the  well-known  theorem,  that  the  fluxion  or  differentialitf '% 
function  s=  0,  when  it  is  a  maximum  or  minimum.  Ftik  ^d<^ 
lojping  the  second  term  of  the  equation  marked  (A)^*^'^y 
Taylor's  theorem,*  we  have  ■  ■:  rdmi^ 

^  Takmg  aw^y /p  from  each  side  of  thb  <^ttat!o%  Ad>0fMuSB 
by  e,  we  have.^  +  ^e  +  d«p.    Bwt whie^thsifi^^^ 

d.ttaius'a  limit  e  =  0,  and^  therefore^  all  the  tarmi;  e^itSfele^'flte 
first,  disajppear  from  this  equation;  Md  we  halite •in'tlBw^^ilft 

iff  Hx.o.-  Bxjtp^  X  .-.  ~^Qf  W  df^ 


*  t\)ra*dfrabnstra(ion  of  TuylarV  theoi^cra/  g^e  Catch!:  ^fffi^^liftafefifir^Tal 

(Ic  Lacroix.  ■       "       !-' :  i;  .:Mi'   -'':' 


iS^I^y^  ':DektM  (hi  fki  h^Oetlee  of  the  Tim  <f  Dcy^  >e.  19? 
'     '    '  AaiiCLS  VI. 

ExanitilStf&rti  6fth€tnftuenceafthe  Time  of  the  Dm  upon  Baro' 
*  ',mgtrfcal  Measur^meatt,     Extracted  from  the  Kesearches  of 
M.  Delcros .♦ 

-      ■         —  -      ■    •       ^  •■'  »     ■ 

M.  Dblcros  undertook  to  resolve  this  t>robleiu :  "  Suppose 
two  barometers; -sepaiatej,  from  each  other  by  a  certam  space, 
both  horizontal  and  vertical ;  at  what  time  of  tae  day  ought  they 
to  be  observed,  that  1^  jieight-^.ilhe  stations  resultiag  from 
calcul9,tiQn_jgg[ay  appr^ichihe  nQSrest  to  accuracy? '' 

To  Cibtointhe  sonitiGfi/.Mr-beleros  made  choice  of  two  sta« 
tions^  conveniently  si  tuate^  ft>r  observing  ^t  the  same  time  twp 
baroinete'rs,  well  construcie^,  at  five  cQfierebt  periods  of  the  day, 
eacb^  separated  from  tbf  ;QI^  by  aoi:  iotecyalof  two  hours; 
namelv,  at  eiffht  o'clock  in  the  morning,  ten  o'clock,  noon,  two 
o'clock,  and  tour  o^elOckiUTthe  evenii|g»  One  of  the  statidns  was 
at  Strasburg^,  in  the  cabinet  of  M.  Herreaschneider,  Professor  of 
Natural  Pmlosophy  in  the  Academy,  a^d  a  v^ry  accutute 
Qh9^^^^i^'0i^;O&^r  statiopwiMi.J^^^  «Wtl^ ipf ^l^chtemberg^^apon 

^fkimfih^4  luiMiit-oftbe  y^efeajpKiui^^Q^ie^  mm 

§tm^S*  a^d  ;fibpu^  iif>^9^  m»^fj^b»y^  jiiiff  cityi  imd  cunt 

l^ifymkmmf.  lAJoJom^l  :8[#firy>  frlM?»J^>he^pppTintwdence  9f 
i^^^eode^cj^  observations  p^^vtingiin  ib^  £|^Vpf  Frai^^a,  bfm 
fgs^v^d  to  make  a<set  oj^  ^rQn^omi^al  observations  u^  Lfohtem- 
l^iF^yito  determine  :th)e  ^pm]itude..9f..the  ce}estisl  wrfL  of;  the 
W^<m4i^  i)r<>BA  Cieneya;tp  Li^j^f^rg^^n  aro  which  this  poiint  divides 
into  two  parts  nearly  equaL:  .14..  Deleros,  being  obliged  to  xig^e 
^ifi^n^il^rable  aboa€(  at.tkhteimberg,  in  order  to  assist. his 
inl^r¥NF»  took  advantage  of  the  opportunity  to  make  a.coiffplete 
4^^  -^-barometrical  observations  in  the  ilame  place  at  the  five 
*i^e9  x>f  the  day  above-mentioned.  These  observations  were 
aimultaneous  witn  others  made  at  Strasburg  by  Professor  Herren* 
Schneider,  They  w^re  continued  for  22  days,  which  gives  109 
observations  to  cfionpare,  disposing  them  in  five  groupes  of 
gmbmpoMbng  obserji^iLtioiis,  whj^  /^  may  be  Qompared  with  each 
other. .  This  comparison  has  been  caremlly  made  by  M.  Belcros^ 
^iHtelrri^^  opfanorr,  may  add  itome  rays  to  the  luminous  pencil 
y^Uef^ted^  by  the  calebrjated  philosopher  Ramond,  tp  whom  the 
l^P^f'^^?";^^^'^9<^  i^  Indebted  for  so  many  labours — for  so 
many  profound  investigations — for  so  many  precious  memoirs,  in 
which  he  has^  united,  the*  principles  of  a  simple  and  luminous 

philosophy  with  the  charms  of  style." 

These  observations  have  been  arranged  by  the  author  in  two 
veiy  interesting  tables. 

«  Translated  from  tbe  Bibliotheqne  Uaiversclle,  yii.  3S6.    (AprU,  JSIS.) 
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In  the  first,  dinded  into  14  columns,  and  which  we  are  pre- 
vented fix)m  publishing  by  its  great  size,  we  find  the  dates  (days 
and  hours),  the  heignts  of  the  Twtrometer  olbserved,  and  the 
temperature  of  the  mercury  and  the  air  at  Lichtemberg ;  the  same 
elements  for  Strasburg;  the  numbers  given  by  the  tables  of 
Oltmans ;  the  corrections  for  the  temperature  of  the  mercuiy 
and  the  air ;  for  the  latitude,  for  the  diminution  of  gravity  in  the 
vertical ;  the  difference  between  the  heights  of  the  b^ometers, 
derived  from  the  calculation  of  each  of  the  corresponding  obser- 
vations ;  and,  finally,  all  the  meteorological  circumstances  that 
accompanied  each  observation.  This  tieible  contains-  all -the 
elements  of  the  second,  the  object  of  which  is  to  show  the 
influence  of  the  time  of  Ae  day,  oy  the  way  inwhieh  the  results 
are  grouped.  This  table  accompanies  the  present .  article.  Iti  I 
general  title,  and  that  of  its  several  columns,  indicate  sufficient^'  jj 
it»  object.  We  perceive  the  results  of  each  observation  grouped  ^ 
respectively  into  eaoh  of  the  horary  epochs  that  furnished  it :  at 
the  end  of  each  observation  isgiven,  in  metres  and  centimetres, 
the  quantity  by  I'^ich  it  diflters  fi-om  the  true  height  of  tie;  . 
station  as  determined  geometrically.  At  the  bottom  of  each  of  4 
the  five  columns  of  these  differences  is  given  the  mean  number  of  ^ 
metres  round  which  the  results  oscillate ;  and  th&  greater  dm 
number  is,  the  less  is  the  time  of  the  day  which  it  represents^, 
fiivourabte  for  accuracy.  But  by  casting  the  eye  over  tlie  bottont 
of  the  five  columns,  we  shall  perceive  the  results  of  wUeb  W*  , 
fbrmthisvery  instructive  little  table,  rj 

^-        I  ,  .    -'        '-^ 

H<Min  of  lioiQltaneoiu  Mei|n  erron  of  the  ^S 

;- tfbserration,  *    results,  \^ 

Metres.  '  '^  J 

8  a,m -3-58T  :■  ^ 

robn::::::::::::::::::  -o-S  l^«^^  <>^  i^o  <>b^'^i 

2p.m -0-59  (        tions  compared.     ?3 

4  -1-02J  '-^.^ 

flat  is  to  say,  that  if  we  choose  eight  in  the  morning  for  th^-^ 
isimultaneous  observations  of  two  barometers  placed  as  abov«^  i 
stated,  we  have  the  mean  chance  of  ah  error  orS-j.  metres  inthcc^^ 
264 ;  that  is  to  say  ^1h  of  the  whole ;  at  noon  the  error  is  odjt  ' 
0^62,  or  TTTTJ  which  is  very  small ;  but  at  two  o'clock,  p.  nk»  4^  ^ 
ierror  is  still  less,  being  only  0*69  in  the  264  metres,  or  ■^. 
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Article  VI-L-  •«•=       -'f'^-    .■?*''i- •  - 

An  Account  of  some  Experiments  to  ascertain  the  Sttetmthi^isuoh 
Cast-iron  Shafts  as  are  commonly  wed  in  MilUWorkyMdiokti 
Proportion  their  Strength  has  to  their  Diametem-  By  Mr. 
Dunlop^  of  Glasgow. 


I  't'.;'   ■■'■-, 


Whoever  rememberB  the  kind  of  machinery  which  we.hidi^ 
this  country  about  25  years  ago,  will  easily- perceive,  ,tbat,  inde- 
pendently of  other  contrivances,  it  has  been  greatly  improve^  by 
merely  using  cast-iron  as  a  substitute  for  wood  in  the  constmo* 
lion  of  it.  All  our  other  improvements  have  been  limitedl 
confined  to  particular  machines^  butthis,  having  increased  the 
strength  and  durability  of  every  machine,  has  improved  tbe 
vj^liole. 

That  an  improvement  now  so  obvious  and  so  important,  wafr 
not  soojoer  observed  and  generally  adopted  is  unaccoantalsk ; 
and. pur  piaptitioners  in  the  mechanical  arts,  in  place  of  takipj 
merit'. to  ^emselves  for  the  discov^,  seem  raltber  to  oweisa 
apology  to  their  comitry  for  the  slowness  of  their  proceecbQgB» 
lj\e  cUnerence  of  expense  was  at  one  time  a  serious  conBi4efla- 
tio^,,  but,4i4  nqt.coht^  long;  for  the  priceof  timber  advan^f^ 
wbjtet'^at  of  cas^irpn  remamed  cJ^  the  same.  11^i;priA<si|M)r 
rQaspn,  perhaps/  for  our.not  wting  that  metsd  in  preferenpe^ 
wi)6A  yw,  its  being  easily  broken,  especiaUy  if  m  smaU  .p^ec^i 
by  a  jerk  or  a  smart  blow :  wood,  on  the. contrary,  bends ;  a|i^<if: 
not  greatly,  overstrained,  continues  to  bend  for  along  time^.|be^if0; 
it  entirely  gives  way;  and  thus  indicating  its  want  of  sjt^g^ 
by.its  fle^bility,  gives  time  to  have  any  part  of  a  machine/ ij^ 
structed  of  wood  eith^  repaired  or  replaced.  Cast^iroii,  on  th|^ 
cotitrary,  ^ves  no  such  indication  of  want  of  strength  ;  if  ^i^^r(- 
striained,  it  snaps  in  an  instant,  and  endangers,  perhaps,: t^e 
lives  of  the  people,  employed  to  work  the  machinery.  It  was:<H¥; 
this  jEtccount  that  our  mechanics  were  cautious  in  using  it  as  ^: 
substitute  for  wood  ;  and  when,  in  the  course  of  practice j  they 
hg.d  to  judge  of  its  strength,  they  were,  as  in  similar  cases,  gei^. 
rally  lied  by  their  own  experience  and  observation;  but  to^^t' 
experijence,  re(|uired  tinie;  and  hence  the  slow  progress  wtu^- 
was.  made  in  this  improvement.  Even  Bolton  and  Watt  seep  JMi 
h$ve  had  little  confidence  in  the  strength  of  cast-iron,  partip^r 
lariy  ;f  subjecjted  to  kjerk,  and  continued  for  maipiy  y^iqs  tO;  v^'^ 
the  beagi^^Qf  their  steam  engines  of  wood.  TheyemplpyedwQgd^. 
framei^  iPO  toi  supporting  tiieir  cylinders  and  cxank-JSAaft^;.  ev^:. 
their  cohnesuV  ,  roQS  and  condenser  cisterns  were  ma4^  of  woq4f 
It  is  no  Wi^y  astonishing  then  that  our  ordinary  ;pQeohHn{Cs„  many^ 
of  whom  bad  neither  the  science  nor  the  practical  skill  of  Bolton 
and  Watt,  were  cautious.    They  had  good  reason, ..seeing  these 
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gentlemen,  very  justly  regarded  a&  at  the  bead  of  their  profession, 
nsin^  as  little  cast-iron  in  the  construction  of  their  engines  as 
possible.  But  it  may  be  vaid,  "  why  so  much  caution  and  hesi- 
tation about  a  matter  of  this  kind?  Why  was  not  the  question 
pot  beyond  all  doabt  by  actual  experimenta.  We  have^>een  in 
die  hunt  of  ascertaining  the  lateral  strength  of  cast-iron  by 
means  of  amaiatus  constructed  for  the  purpose ;  for  instance, 
ali  joists  used  in  fire-proof  buildings  are  proved  by  lateral  pres- 
sure, why  not  then  the  beams  of  steam-engines  in  the  same 


Hie  torsional  strength  too  of  such  shafts  aa  are  used  in  nuO- 
ffork  can  be  proved  by  wrenching.  These  reflections  are  natural 
enoogi);  and  1  was  aware  that  en>eriment8  bad  been  made  "to* 
ascertain  Uie  facta  proposed,  although  1  knew  little  of  the 
results ;  and  even  if  1  had,  still  the  necessity  of  my  makioe 
similar  experiments .  would  not  have  been  superseded,  fw  tliu 
reason,  that  having  occasion  for  a  number  of  shafts  in  tile 
Slimmer  of  last  year,-' my  object  was  not  to  ascertain  the  str^edi 
of  eaal-iron  shcuta -generally,  but  the  strength  of  these  particiukr; 
sh^W  as  ne^y  as  possible,  and  to  Dare  them  protf^'^fQ 
B«ch  a  maimer  aa  to-be  certain  that- they  were  of  the  strepgtb 


-4hted,-therefi3fei  an-eppanitu86t4;eduprDrthe  purpose,  which 
ideirely  consisted  of  two  piOe-Iogs.  widtastrong  square  socket  of 
d*li4t*Jfi:ffxed  totheWe  ofewh/rfioiit two  feet  from  the  endj 
taiiBOfCbe^  served  to  hold  the  sKaftj  whilst  the  other,  having' aO 
iifla'-Jlfiok  fixed  to  Ae  eiid  of-^^  -M  feet  9  inches  from  t'he 
<^T*fd  of- Its- socket,  acted -fts -a  lever  to  wrench  the  shafW- 
Tfe^elogSj  siipported  about  four  feet  from  the  ground,  lay  level 
aiiift;^rallel  with  each  other;  and  whilst  the  one  end  of  tie 
slflft'  was  held  by  the  one  socket,  the  other  end  of  it  rested  with 
itiiijonarupoii  the  edge  ofaplank,  and  the  lever  \va!i  applied  upon 
thJriqiiare  of  the  shsJl,  and  close  to  the  side  of  the  plank,  ^o  as 
tff^revent  as  much  as  possible  any  lateral  stress.  Ibe  weight  of 
thb"  lever,  or  rather  its  effective  weight,  was  ascertained  by  letting 
ite  hook  rest  on  the  scale  of  a  balance,  whilst  its  other  end  was 
ste^iMirted  upon  a  knife  edge  in  the  middle  of  the  socket,  and  its 
emfttive  weight  thus  ascertained  was  120  lbs.  To  the  hook  at 
the  end  of  the  lever,  in  making  the  experiments,  weights  were 
subjiendedi  and  increased  by  not  more  than  2  lbs.  at  a  time. 
Bftvlbg  got  this  apparatus  finished,  in  order  to  ascertain  the 
stKtigm  of  such  shafts  as  are  usually  cast  in  G^agOW,  twObarS 
oF'cMt^-iron,  about  five  feet  long  each,  the  one  3,  and  the  other 
ij'ibches  square,  were  turned  in  a  lathe  at  five  different; places^ 
and'^acb  piftce  differed  in  diameter  from  the  nes£'to  il.^y  ft' 
quttrtct  of  an  inch;  Upon  thi  cylindrical  paitd  of  tbtis^  '^aflC, 
tne^ies^ieHnteats  ^^'ntade;  and  the  foUoffing  iire  the  j^a^-. 
ealnre,  '  .    "  .  ,'/'■*-,-. 
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'■*rhe  above'  are  the  particulars  of  nine  e\peiiments'''i:tii9i% 
eiduaj^Gifdwood,  and  Co.'s  Works,  in  18 IS,  widi  the  view lo 
ascertain  the  strength  of  cast-iron  bare  when  Mibjected  to  twfist 
optoi'sion  ;  and  it  was  from  the  resultofthe&G  oxpfrinients,  ^atefi 
a^  data,  t^at  the  diameters  of  the  shafts  for  B»"ooniwps>df|Siill' 
*ere  resolved  upon.  .      '_ ,  ■^'"'J' 

'  As  the  shafts  on  which  the  experiments  were  made  i^ere^^ 
cnties  and  greasy, '  their  being  unsound  was  more  easily  penj^ml 
tbaii  if  they.had  been  new  shafts.  ''\  '' 

Having  ascertained  these  facts,  the  practical  use  of  tiiem'i? 
obvious  and  easy ;  for  example,  if  it  fie  required  to  find  tne 
diameter  of  such  a  shaft  as  will  require  the  utmost  force  bf^a 
steam-engine  of  any  given  power  to  break  it,  let  jn  =  the 
momentum  of  the  piston  \  that  is,  the  pressure  of  the  steam 
upon  it  in  lbs.  weight,  muItipUed  into  its  velocity  in  feet  per  1', 
and  let  v  =  the  velocity  of  the  circumference  of  an  imaginary 
pulley  &u]^|)osed  to  be  fixed  upon  the  first  shaft  ernployed  .to 
communicate  motion  to  the  greatest  quantity'  of  macliiiieiy 
whifih  the^ngine  is  calculated  to  drive,  and  suppose  the  radii^,  of 
^i^.^oia^^ary  puUey  equal  to  the  len^h  of  the  lever  employed 
m'tliese  experiments,  and  a  rope  cojled  round  this  pulley^,  Aft 

^'vAmi',  b'ritin«»moll(legr»*, 
oil^  UUtt  etil^iDerU  'be  sbu'i  having  a.  large  Imle  in  it,  broia  irilk  very  liKb 
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have  only  to  find  what  weight  suspended  to  the  ead  of  this  rope 
muttiplied.into.it^  velocity  in  feet  per  V,  would  equaling 
momgntmaof  the  piston  ;  ifir  =  this  weight,  then  v  x  ^  m 

■'  "     ^  I        .    ■  ■       .  ■  III 

.     j:  =  - 

Tijiich  is^perhapsy  as  easy  amethod  as  any  to  find  such  a  weight 
afi  would  exactly  balance  the  power*  of  the  engine .  And  refemng 
to  the  abstract  of  the  experiments,  in  the  column  entitled  ^'Totsd 
Weight  which  broke  the  Shaft/'  we  find  the  number  of  lbs.  =  x  ; 
and*  opposite  to  it,  in  the  colimm  entitled  ^^  Diameter  of  round 
Part  ot  Shaft :  "  we  have  the  diameter  of  the  shaft  required  in 
inches  ;  that  is,  however,  the  diameter  of  a  shaft  which  would 
break  with  a  force  not  less  than  the  whole  power  of  the  engine. 

ItvifiU  then  remain  for  the  mill-wright,  or  his  employer,  to 
decide,  upon  how  much  stronger  he  would  choose  to  have  the 
shaft  in  question  than  the  one  sureadv  found  in  the  abstract ;  and 
if  he  fixes  upon  having  six  times  that  strength,  it  will  still  be 
smalli  compared  with  most  of  those  in  Glasgow  and  the  neigh- 
bourhood ;  for  it  would  appear  that  most  of  them  &re  unnecess^ 
nly.Blron^,  or  at  least  unnecessarily  heavy.  But  it  may  be  said, 
why  iiot  have  these  shafts  so  strong  as  to  put  all  risk  of  their 
breaking  out  of  the  question  ?  This  is  certainly  right ;  but  having 
them  unnecessarily  strong,  is  attended  not  only  with  additiOnd 
^ptsxis^  at  first,  but  with  a  constant  waste  of  power  to  drive 
ra^liqi  I  besidies,  it  does  not  follow  that  by  increasmg  their  diaime- 
t^X9/;^e. increase  their  strength ;  for  altnough  large  in  diameter^ 
aigtdr, Apparently  sound,  they  may  have  veryUttle  strength,  oil 
4i:|Munt  of  air  lodging  in  the  heart  of  them  at  the  time  they  were 
cast';  hence  the  propriety  of  having  all  shafts  proved  by  a 
Winching  apparatus,  whatever  may  be  their  diameters  ;  and  in 
di>n^acting  for  shafts,  it  would  surely  be  better  to  have  them 
at  so  much  per  lineal  foot,  of  a  certain  strength,  and  not  exceeds 
ipg  fi,  certain  weight,  than  by  the  cwt.  which  is  the  common 
"^'se. 
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Article  VIII. 

On  Captain  Cook*8  Account  of  the  Tides  in  tlie  Endeavour  River, 

In  tibe  60th  volume  of  the  Philosophical  Transactions  thete  is 
a  jpaper  of  Capt.  Cook's  on  the  tides,  which  he  observed  in  part 
oTthe  coast  or  New  Holland.  ?  «    : 

About  1 1,  p'clock  in  the  evening  of  June  10, 177Q,  the  ^In^ea- 
vour  fitruoWoo  a  reef  of  coral  rocks  about  six  leagues  £rom  the 
land,  on  the  east  coast  of  that  country.  This  happened  about 
the  time  of  hijgh  water^  and  the  crew  immediately  b^%«xi  \a 
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bgfafm  <he  veMel,  in  hopM  of  k«¥  ft)kAfig'W'fiK^3fl^«U{lP^e; 
bttfr  it  did  not  rise  sufficiently  hftiit6ak  V^UiieoitiSShtm 
wishM.  HUiy  had  now  no  hopecr  buit  ftM!^  AM  td^ W^tfttM 
«Ad  tliese"were  only  founded  on  a  notiooy'  ^e^^^^At.  OiL| 
Cook  says/  among  seamen,  that  the 'tide  iis^S  iM^^^tlmd^ll^ 
Ugher  by  night  than  by  day.  The  resdt>0zoMUed%I^fi«WMi 
■anguine  Mpectations.  The  ship  floated  thoi^t  W  "fi^nUfttss  IkftW 
10  in  the  evening,  which  wa6  a  tuU  hour  befell  hi^wa«a(l>*^^ 
this  time,  the  head^  of  the  rocks,  whioh/^dutkk^  tiie^.|Ateddl^ 
tide  were  at  least  a  (boi  above  WEtey>  were  -wholly ^eWtstwS 
Hiis  oircumstanoe  kd  Captain  Cook  toflctt^ttd't^  tiii^'ttdigtf^'^Mt^ 
ing'  the-  time  (from  June  17  to  Aug;:4>  whk&hef-lay'kip^tti 
Bnde«^voar  river,  repairing  the  daBSMt^M- tirhidi  tiie  "rtiisePhdl 
eofibred  f  and  he  found  that  the  neap  tides  wei«  T^iriticoiiMAei^ 
abks  -withno  remarkable  diflferenceof  height'  by"  my -or  ti^^ 
bvt  ehbt  tfa(^  spring  tides  rose  nine  feet  p«i^n<ficalaily  in'litt 
evening,  and  scarcely  seven  in  the  meraiti^-;  the'difiBr^nce^ii'M 
unifoi^y  the  same  on,  each  of  the  three  spring,  whicji  hap^ned 
while  he  lay  at  the  place,  and  was  apparebib  for  aboiit  eix  or 
seven/jdays!;  that  is,  for  about  three  days  ^fore  aad  ^iiJ[W  the 
full  and  change  of  the  moon. 

athe' papfiir  is  ^<intiUed,^^<r  (^^^  d^  Soiid^S^.'' 

ISuathijpnitWbeen  added  by  the  pi^rsoa  i^ko^Mperinte^tM^iii 
p^jUicationf  but  whether'  it  was;  op  was  not  {iredkedfey  Cifiata 
jOooki'dt  :«Mden0y ']|^oiats  outran  iittisnftiM^td  ge^^rdi^a iiit 
thowt'tfaat^these  bUiervsi»>Bir  wist^'ccms^  i^ii^pMSf  wilte 

tides  beuighigher;by  night- than  by  diy;  inflihose^seUU^'^Itoiiii 
be  confessed  tnat  thts  seems,  at  first  sight,  to  be  not  atfiiHpNfifi 
biible  oondusion,  and  yet  it  is  one  which  certainly  ddes^tt^t^^liv 
imnpiete  conviction  with  it.  We-  do  not  readify'  acquaeei^  ifi4l 
gteieial  conclusion,  for  which  we  see  no  readon,  -4ei%ttn|Nk 
analogy ;  and  Captain  Cook  himself  acknowiedges  ikst 
tO'lhis  eccuirence,  die  beUef,  though  common  amongf' 
iiad  not  been  confirmed  by  any  thing  which  had  failed  ^^iSi&eyk 
owtv  observation.  At  the  conclusion  of  his  paper,  he  li&^ntidlSif 
that  the  wind  had  prevailed  firom  the  S.  E.  blowing,  fo^  li)N<  iltttft 
Mfft,  a  brisk  gale,  and  rather  stronger  by  day  Sian  b]^di|^tt 
Now  jie  judged  the  flood  tide:  to  come  in  that  sam^  cUi^l^l^ 
hut  how  iar  the  height  of  it  was  afiected  by  ilie  gald> 'feiPdiNM 
not:»pi^N(end  to  determine :  indeed  it  appears  that^Keiihidr^fiA 
^l«ttt^cenS3enC6  in  this  coniaclure>  timoti^  he^addi^lhbk^ 
«<tth<ir/cf{itifi^i^d  OGCUrreid  to  hi^  ^wbich  could  accouhtM^irilM 
^MMmeHon^V-a^d  he  conchides^^by  saying,  iiM  hlfteitre94l^ 
3ofth«teetbiisuppIy'^ll]»=«i[piaifatk^i  It-dbos  not^apj^ai^^lKSfltyi 
'has'ibe^n:d9ne':^&nd:8ome  fetn»ks4nay,'^th6fefbte,^  nO!^  ^4tHd«ft 
mmii  ai^^oITheyc^eriSor  oflbv^  as  ^a.  «onijpfet^  solil^fi-'^fqffie 
tMAlnftn^ifM^^frtbef  «e»ve  to  vdcaii  the'»ubj^tO'iA#«t«^ti^ 

kiorTM^^eet  iove^gtttton  n^ 


a  ''• , 


.  9P>^ii9g<H)r'^:cUeUBj^Qi»,^  XQAtecially  affect  th^JbeidfiiyQf^he 
WfWvM^^II^.wiB^^  dQ*ia9i:rW  equally  :ttrpughw|t  fW  wW« 
GJ|{^9j9^i^jl^».  Qji  tb^  saioe  |BfaridMin»  but  Uiev  fure;  lughf st  iQlboae 
!$^4^  ^U^h  tba  jaio(m  jpjusiiea  the  zeniA  (Mr  the  n^dur^  IM^i 
rt^i  .ai:  90^  £1:919  tk^e  two  pointa.  Hence  uoi  thia  southern 
phere;  when  the  suKm'a  dediiiatioii  ia  sootbi  the  apripg 
tidrp^  ;,WiUOL  be  gre^tei^^  which  accompany  her  pasaaffe  of  ih^ 
pieridia]^,;  and  thene  will  be  by  night  at  the  foU^  andby  day  at 
ib^^cjiange  of  the. moon.  On  the  contrary,  when  the  moon'a 
dliBcliiiatioa  is  north,  the  spring  tidea  will  be  gnreatiest;  in  H^ 
aq^them  hemisphere,  when  they  follow  about  12  hofira  after  tiie 
pasfsage,  and  tnese  will  then  be  by  day  at  the  fiill,  and  by  nijght 
ai^.^the;  time  of  the  new  moons.  The  same  might  be  appb^ 
nmfatu  mutandU,  to  the  nprthera  hemisphere  ;  Imtc  it  it  wWh 
G%^f»xy  to  enter  into  this  part  of  the  detail,  aa  the  ship  akuofci  in 
sibout  16^  of  south  latitude.  Now  from  the  Nautksal  AlmaiiM 
£9r.l770,  we  shall  find  the  following  data: 

New  Moon,  June  22,  with  declination •  21®  N. "     ' 

FuU  Moon,  July  7 19    S.'*' ^^ 

"     New  Moon,  Juty  22 -..  11   Vi  '"^ 

;^eace  it  would  appear,  at  first  sight,  thai  Ae  mofon'a  dacilttia- 
tp^j  would  at  once  explain  the  phenomena;  but0tiUlhe>^ffiQuify 
kkiiJ^  removed  i  for  a  more  partioulvr  ottentiQa  to  iibn  jUftV 
IqU  ^vr,  that  it  was  what  is  heve  consideved  M  thie  day  ^tidiei^ 
jf^w  wa9  observed  to  rise  highest,  ajad  not  the  nights  tideyMia. 
)69#fjB^ttentive  perusal  of  the  account^  would  pvob^bly^lead  iiibit 

^<know  that  in  the  open  ocean,  the  bi^st  sprilig  tideiii  dMt 
fi;  ^mes  of  the  new  and  full  moon,  are  iA  tiie  monDOajg]  jumI 
l^iiltnekQn  about  3  and  16  hours  after  thempon's  paaea^^t^/tl^ 
m^l^^i^  a  .^d  tbowh  this  time  hardly  suits  any  other  pit^atioa, 
s^iutt^the  caufiies  much  tend  to  affect  the  time,  «cit  by  veitoDd^ 
i|^/^  imd  never  by  accelerating  the  event*  Now  Ciqpt^  Coipfc 
fApr^^y  ^^  ^1  ^hat  at  the  full  and  change  of  the  mooa,it  was 
)yj^  water  in  the  Endeavour  river  ab<ygt  a. quarter,  afler  i^e; 
tj^ji^^'  tide  in.  the  evening  must,  therefore,  Jiave.been  that 
3f^jehm  the  c^ivseas  had  occurred  after  noon,  and  which  ^ 
9^)iarRive  at  its  heigt^.in  the  fiver  till  aeveral  hours  after  it 
i^u}4  •  have  beea  high  water  there,  if  the  moon's  >  attmctiou 
^viA  k^^  act^d  fre^y  and  without  impedimenU^  ^Xbia  retaida^ 
$ji(i|p  j^i^.^not  ^be .  occasioned  by.  the  iHtuatioo  whickhftd^bftem 
9^|c>M39via-;;the  rivenr,  ainoe  that  was  not  &r  .iromi.ita  wenft: 
IM^(t9lffid9..  tbj^fNew  Hebrides  and  oth^  ialaadsj,  nrhiclvlie  J(arth# 
.€##fi;A^ '^QW'lIaUand,  appear  to  form,  a  banner  MWihiob- ^eotdd 
^tip^fii:awaIko£-t]|i«  w^  ocean  Icnr'siciloogja  tino* 

Vii9iCimi^^i^9{fW(^:W^  be  looked  fiNrJ^aomejttdiQKiiMdi^ 
%tsa»(kfi9ii  wd  ^  theiHit;«eem?  tg  b»  the  wapt  o£  >  a^j^asaage  fyt  tSie 
wfl^rs  to  rua^i#.>  t  'Che  eaat  coast  of  New  QaQaxvJ^wrtM^^ 
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fiirtber  to  the  south  ;  and  on  the  north;  iMt^^ni^^p^AviilSifAdles 
from  New  Ghiinea,  and  that  immenge  coDe6tidri'^lsIJi:<]l4ef/v^Mb 
extendi  ahnoBt  to  the  continent.  The  *i9<b4^i«V'^^^ 
prevented  from  subsiding  towards  the  west;  atld  aid<tli^e)lmMdk 
efiects  of  the  sun  and  moon  do  not  raise  the  6Uf£M^  6P^e^^^^ 
ocean  so  much  as  seven  feet^  the  height  of  niri^  f^/tis  med- 
tioned  by  Capt.  Cook,  evidently  points  out  an  acctM\rf«iti^.^^'" 

We  have  ukewise  the  precise  time  of  high  wate^,  aiid''t}t^'U; 
a  fact  which  evidently  marks  the  particular  tide  whieh  ^*  IsMk 
to  consider ;  and  whether  we  are  or  are  not  able  to  46cotxcft~fil^ 
the  means  by  which  it  is  produced,  still  the  fact  ctf  the  t^taMft- 
ticm  is  one  about  which  there  can  be  no  dispute.  This  is  oti^- 
siderable  importance  to  the  inquiry :  it  will/  therefore,  be-Mrt 
to  consider  the  particulars  somewhat  more  in  detail,  aiid  €heti*i6 
deduce  the  conclusions  which  seem  justly  to  be  derived  frdftfit. 

,  At  the  time  of  the  new  moon  of  June  22,  the  moon's  dediitt- 
tion  was  about  21°  north  ;  and,  therefore,  when  it  pasi^edwiA 
the  sun  across  the  meridian  of  the  place  where  the  £!adeavdtar 
struck,  and  which  was  in  south  latitude  15^  2&,  it  )>assed  above 
36°  from  the  zenith ;  the  sun  hkewise  had  above  23^  ^JT'iMMrth 
declination,  which  carried  it  to  nearly  39°  of  zenith  distftbee. 
When,  however,  the  sun  and  moon  again  passed  the  plah^'ii/the 
saine  meridian  at  midnight,'  the  dista;nce  of  the  moon'  MSi^itit 
nadir  was  not  6°,  and  the  distance  of  the  suh  was  not  more'tlitQ 
8^;  Hence  the  waters  in  the  southern  ocean  must  faa^ti^ 
raised  higher  by  their  attraction  at  midnight  thanat  nadw.  ^^^~ 
^  A^ain  at  full  moon  July  7>  the  moon  passed  the  liieHdiitf  4t 
midnight  with  south  declination  of  19^,  which  must  have  (iiti^i^ 
it  within  4^  of  the  zenith;  and  although  the  sunVdecflina^a 
was  diminished,  it  still  would  have  passed  within  7^  of  Ch^ilaafi^ 
wiiereas  at  noon,  when  the  sun  was  on  the  meridian,  it^vbiSS'l^ 
38°  from  the  zenith,  and  the' moon  would  have  been  tiBovfe^^M*' 
from  the  nadir  ;  hence  we  see  again  that  the  tides  would'  Mri 
been  raised  higher  at  midnight  than  at  noon.  •    ■    ^  ^^'i 

The  same  will  apply  to  the  new  moon  of  July  22  as  was  laid 
down  for  that  of  June  22  ;  and  as  the  moon's  north  declination 
was  in  this  last  instance  reduced  to  17°,  it  must  have  passed 
very  near  the  nadir,  and  more  than  compensated  for  the  dimi- 
nisned  declination  of  the  sun,  the  moon's  effects  on  the  tidea 
being  to  that  of  the  sun  as  five  to  two.  •  :■  \Mi,jy*.lf 

From  th&  above  statement  it  is  clear,  that  in  die  open^oceatt  of 
ihA  South  \^ea8,  the  tide  which  followed  midmght:miisti|>u|K>n 
each  of  these  three  occasions,  have  becfti  higher  tbaff^ttetfifes 
which  followed  noon.  Now  this  was  exactly  the  reverse  of 
whfi^t-w^  <rt)Setved  by  Captain  Cook  in  the  Endeavdlnr^ver ; 
for  the  .watetrih^ot^  rose  higher  at  the  ^tn^lif  ;th«'  e^ifelkitog  tlAin 
ofihtt' morning  «ide;  but  these  tides  o6cidrr^'kl^^bbut'«ti[$^^ 
afterinMt;  itherefore,  the  high  l^aterfbUdwed Retime  dt^hidi 
it*woi[M  hdve- tdieik-plac^  hi  thebpto  bc^Etn  fe^ftboti'sk  faS^bi^; 
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aa.intcrraV  which  would  brin^^  the  moon  and  sun  into't^cit  situv- 
tioil^/ilfibicli  would^r  if  there  wepe  no  impediments,  produce  low 
WjOLtecAQ  the.  same  ptace.  'Hence  it  will  be  low  water  out  at  nea 
about, itiie  time  when  the  tide  has  arrived  at  the  highest  on  the 
CQast^faod  consequently  it  must  then  be  made  to  sink  by  ranning 
back  towsurda  those  parts  from  which  it  originally  flowed  in.  It 
will  bersa^n  likewise  from  this  interval  of  time  that  the  low  water 
out  beyond  the  New  Hebrides  must  have  taken  place  before  the 
tide  had  come  to  its  height  in  the  Endeavour  river.  Now  a 
greater  depression  of  the  waters  must  have  followed  the  higher 
tide,  or  that  which  followed  midnight^  than  the  lower,  or  that 
which  took  place  after  noon  ;  and  this  depression  must  have 
taken  place  out  at  sea  before  the  time  of  the  greatest  acciumda^ 
tion  on  the  coast ;  hence  it  would  have  the  greater  tendency  to 
diminish,  as  it  were,  the  sources  of  that  accumulation,  and  eoir- 
sequently  the  tido  near  the  land  would  not  have  risen  so  high  in 
the  morning  as  in  the  evening.'  For  exactly  the  same  reanon, 
the  intervening  low  tide  will  suffer  the  greater  depression ;  and 
Captain  Cook  says  that  tlie  low  watei*  preceding  the  hiixlicst,  fell 
or  receded  considerably  lower  than  that  which  preceded  the  morn- 
ing tide. 

After  much  thought  on  the  subject,  the  above  explanation 
i^ppears  to  me  to  be  highly  probable;  and  at.  all  events,  the 
4^U3sion  will  not  be  without  its  use*  Pnictical  men  are  oflea 
huatv  in  generalising;  and  seamen,  from  the  facts  which  Gaptati^ 
Cook  has  stated,  might  be  induced  to  think  that  what  hei 
9t7i^n^4  three  different  times  in  one  place  would  always  occur  at 
Wi|^^  in  tiiat  part  of  the  world.  This  I  am  confident  is  not  tba 
qa^u  I  cannot  but  think  that  a  different  aspect  of  the  moon 
af)^,i^un,ppiighthave  reversed  the  phenomena;  but  even  if  thesa 
^P)«(r]l^.«hould  not  be  as  satisfactory  to  others  as  they  appeac 
tio.flsi^,  t  need  not  blush  to  have  failed  in  assigning  causes  to 
vf^ffi  ey^a  Cook  himself  was  confessedly  imable  to  account  for. 

Oct.  1,  1818.  S*      : 


\^\ni  'j/i-  Article  IX. 

3  mJ  4   ■       -   -     ■ 

Meteorological  Table  for  the  Year  1818;  /n>f/i  a  Journal  kept  in 
[xBmxAmey'  at  the  Apartments  of  the  Royal  Geological  Soci^t/ 

Si[\C.ornwaUi    Communicated  to  Dr.  Thomson  by  Dr.  Forbetij 
eerelary  to  the  Society. 

:j^  Wi^;iar9  accustomed  in  this  place  to  congratulate  ourselves 
oti,  Ai^y)xk%  a  milder  climate  than  is  possessed  bj^anv^' other 
toxvi^jHiiUie^.lungdoQi,  you  will,  perhaps,  consider  an  authentic 
recpiid  ^^tj^  temperature  at  Penzance,-  d\nin^ 'VaL^\.  ^^txx^  ^^Si 
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meriting  a  place  in  your  AnnaU.  I  regret  tbai  the  acoount 
I  DOW  send  you  is  not  more  complete ;  yet  I  apprehmd,  on 
oomparii^  it  with  any  of  the  publiehed  meteondc^cal  joomtb 
of  last  year,  it  will  be  foond  to  uphold  onr  claim,  not  cmly  to  a 
auperior  degree  of  mildnesa  of  climate,  but  alio  to  a  coiuddefaUy 
greater  eqi^ility  of  temperature*  , 

Should  you  tmnk  it  or  sufficient  importance  to  merit  puUica^ 
tion,  it  will,  I  hope,  be  in  my  power  hereafter  to  traiianiit  you 
annually  a  much  more  iperfect  and  comprehensive  view  of  our 
very  peculiar  Cornish  chmate. 

The  height  of  the  thermometer  (a  common  Fahrenheifa)  has 
hitherto  been  noted  only  twice  a  day ;  viz.  between  aeven  and 
eight  in  the  mornings  and  at  two,  p.  m. ;  the  following  taUe 
must  not,  therefore,  oe  considered 'as  giving  the  actual  maxima 
and  minima  observable  throughout  24  hours,  but  onlv  the  eleva- 
tion observed  at  the  particmar  times  stated.  In  like  manneTy 
the  mean  column  gives  merely  the  mean  of  these  two  o1»erva- 
tions.    I  am,  dear  Sir,  with  much  respect^ 

Your  obedient  humble  servant, 

John  Fobbes. 


1818. 

Mean. 

Barovetsr. 

Maximam.      Min. 

Range. 

1 
Mean 

fBERMO 

Max. 

MCTEft. 
MiD. 

BaB|e 

Jao 

Feb 

March  . . 
April .  . . 
May  .... 
Jaoe.... 
Jnly  .... 
August.. 

Sept 

Oct 

Xov. ... 
Dec 

29-81 

S964 

29-45 

29 -li 

29*03 

20-83 

29-85 

2981 

20-53 

29-60 

2957 

29-82 

30-05 
2985 
29-30 
30-10 
30-00 
30*10 
30-04 
3'>02 
30  04 
3006 
30-10 
30*30 

28-70 
28-72 
28*28 
28-90 
20-10 
20  50 
80-50 
£9*64 
88-88 
20*10 
19  06 
29-00 

1*35 
113 
1*08 
1*20 
0*90 
0-60 
0-54 
038 
1*16 
0-OS 
104 
1-30 

460 

44 

45 

51 

58 

66 

67 

64 

60 

58 

55 

45 

55 
58 
58 
64 
68 
78 
76 
74 
70 
65 
68 
58 

34 
34 
36 
38 

4a 

58 

50 
59 
58 
49 
4H 
53 

81 
84 
88 
86 
80 
80 
IT 
16 
16 
16 
14 
86 

Anoual ) 
Means  { 

29-68 

30*01 

80-38 

1-48 

55 

65 

45 

89 

N.  B.  In  the  account  of  the  thermometer,  the  fraciioiKare  omitted,  as  of  Ultte 
consequence. 
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Philosophical  Transactions  of,  the  Royal  Society  of  London, 

for  1818,  Part  IL  -™^ 

'  This  part  dontains  the  following  papers : 
I.  On  the  Parallax  of  certain  fixed  Stars.    By  the  Rev.  John 


.'  t  ,^9^  'T^^.  ar/^,pr<4)afcK?:^^^^  that  jaa -ihsljract  of.  a*  telitr 
|r9^.^.^pnkX^y-t6.X>r.hM^  the  imallax^of'  a  Ijrm 

«^.;^w^  in  the  f  liilQf<<]yhical  TnMiH>crim».i 

Since  tmi  time,  the  author  of  thierlel^er^  ia.piin«iix>2b^  obaeivm- 

SQi^^fiMM^  w^th  appveoin^ottPiuiw  i«T^r«},oftbefiu 
ffi^^U^e/Qi^^hich  h^  was  luia  .ei^ldain^  uoleBs  bj  attribut- 

i^  tl^Oi  to.  parallax. .  AnK)njKihe8ef>taxS|.«  aqiidte  exhibited^ie 
gr^test  change  of  plabe.  The  result.of  ih^eobserrtttioiis  hoB 
be^n,/  published  in  Xbe  L2th  vokun^  qt  .the  TransactiDiia  of  the 
KpyaJ  Irish  Academy.  Tha  jauthor  there  detailed  his  retsons  for 
Bipp(]^^g,that.he  coiild.  opt  ha^e  been  ipiaied  by  any  error  in 
the  instrumenty  or  in  the  toode  of  observing.  The  aitention  of 
Mr.  I^ondy  the  Astronomer  Royal,  was  called- to  thi&subiect<by 
the  publications  of  Dr.  Brinkley  ;  and  after  some  yean'  obsemi- 
iions,  he  was  led  to  doubt  the  explanation  by -a  parallax  being 
satisfactory.  He  applied  in  consequence  to  the  Kojvl  Society 
and  by  theuijassistance,  and  the  advantage  of  vicinity  to  the  first 
artists^  \ke  .was  enabled  to  put  np  his  fixed  telescopes  to  enable 
him  to  bring  the  question  to  a  finsd  issue. 

Mr.  Pond  considers  the  observations  which  he  has  already 
made  ms  decisive  of  the  question.  This'  seems  Uke wise  to  be  tw 
opinion  of  the  Royal  Academy  of  Sciences  of  Paris,  since  thc^ 
awarded  like  Lalande  prize  to  our  Astronomeir  Ro^al  for  his 
ol^igeryalioqs  disproving  the  opinion  that  the  stars  m  question 
haife  a  sensible  parallax.  The  object  bf  the  present,  paper,  .'bj^, 
DfS  Qri^^y^  is  jbo  show,  that  Mr.  Pond's  cd^servatiws  are  not 
"^LcieilS^tci  d^teimiae  so  ni^  a  point.  This  he  does  by  shovra^ 
t  thf(;U|is«ittl€jd  ^ifitsr  (as,;  tor  ex^unple,  the  allowance  for 
reftaotiea),,  which  must  eMer  into  calculations  of  their  quantitira, 
w^4  ^^^ore  than  sufficient  to  account-  for  all  the  difierence 
b%||w^ei|;pVfr.  Poifd'ft  oliservations  and  his. 
dU.jObK  ^'Urinary  Orgam  and  Secretions  of  some  of  the 
^ — Wbi:  I  Bv  Jiohn  Davy,  M.D,  F.R.S.— The  kidneys  of  ae^ 
'ai^v^ryiaijge,- nearly  equal  in  size  to  the  hver.  They^are 
anil'  naW6w/  and  very  lobulated.  Like  some  of  the  mam- 
i«wij;ht(;QnglQmerateTludney8y  they  are  destitute  of  apdvid, 
L  lobule  sends  a  small  duct  to  the  ureter,  which  leaves  the 
kidney  in  two  braaA^fes.-  -The '  ureters  in  general  terminate  in« 
single  papilla,  which  is  situated  in  the  cloaca  between  the 
mouths  01  the  oviducts.  Itgts  a  Uttle  elevated  above  the  surface, 
and  its  point  is  directed  towards  a  receptacle  into  which  the 
urine  enters.  The  receptacip  ulsl  continuation  of  the  intestine; 
yet  it  may  be  considered  as  distinct  both  from  the  rectum  and 
clp9£St)^V^  b^  o/' v^hij^  it  Hconununicates  only  bjr  sphincter 
orifices.  Tne  urine  is  voided  occasionally,  accompanied  by,  but 
never  mixed  with  the  foepe^^^.  When  expelled^  it  is- commonly  in 
a  soft  s1^(e,  of.ayhutyi^^oi^  'consistence,  which  \t  Ic^aaa  Vs^ 
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exposure  to  the  air,  and  becomes  hardy  and  like  chalk  in 
appearance.  The  quantity  of  soUd  urine  secreted  by  serpent^  is 
▼eiy  great.  It  was  found  by  Dr.  Davy  in  all  cases  nearly  pore 
luric  acid.  The  same  observation  had  been  previously  maae  in 
London  by  Dr.  Prout  on  the  excrement  of  the  boa  constrictor, 
and  had  been  communicated  by  him  to  Dr.  Davy.  The  urine  of 
lizards  was  Ukewise  found  to  be  nearly  pure  uric  acid.  That  of 
the  alligator,  besides  uric  acid,  contains  a  large  portion  of  car- 
bonate and  phosphate  of  Ume.  The  urine  of  turtles  was  a  lipoid 
containing  nakes  of  uric  acid,  and  holding  in  solution  a  Utile 
mucus  and  common  salt ;  but  no  sensible  portion  of  urea. 

III.  On  a  Mal-^onformation  of  the  Utenne  Sifstem  in  Womtn; 
and  on  some  Physioiogieal  Conclusions  to  be  derived  from  it.  By 
A.  B.  OranviUe,  M.D.  F.R.S.  F.L.S.  Physician  in  Ordinaiy  to 
H.  R.  H.  the  Duke  of  Clarence. — The  subject  of  this  paper  was  a 
woman,  about  40  years  of  age,  who  died  at  La  Matendtim 
Paris,  six  or  seven  days  after  delivery.  She  had  laboured  under 
an  aneurism  of  the  aorta,  and  an  enlargement  of  the  heart.  The 
uterus,  four  times  its  usual  size,  was  found  to  have  undergone  itB 
full  development  on  the  right  side  only,  where  it  presented  the 
usual  pear-like  convexity  and  undulation ;  while  the  left  exhi- 
bited a  direct  straight  line,  scarcely  half  an  inch  distant  from  the 
centre  ;  although  more  than  two  inches  could  be  measured  from 
that  same  point  to  the  outUne  of  the  right  side.  The  Fallc^iiaa 
tube  and  the  ovarium,  with  its  surrounding  peritoneeal  folds,  were 

£  laced  as  usual  on  the  right  side,  but  coiSd  pot  be  found  on  die 
itt ;  yet  this  woman  had  been  the  mother  of  11  children  of  both 
sexes,  and  had  been  deUvered  a  few  days  before  her  death  of 
twins — a  male  and  a  female.  This  case  then  destroys  the  h^po- 
thes^s  of  those  who  laid  it  down  that  the  male  children  are  denved 
from  one  ovarium,  and  the  female  children  from  the  other.  Per- 
hajMS  the  well-known  experiment  of  Mr.  John  Hunter,  who 
extirpated  one  of  the  ovaria  of  a  sow,  which  afterwards  boie. 
many  pigs,  no  doubt  of  both  sexes  (for  such  an  observer  vrould 
not  have  failed  to  notice  the  singular  phenomenon  of  all  the  pigs 
being  of  one  sex,  had  it  existed),  may  be  considered  to  nave 
already  destroyed  the  supposed  evidence  in  favour  of  such  an 
hjrpotnesis.  But  physiologists  are  obhged  to  Dr.  Granville  for 
recording  the  present  example,  as  it  is  an  instance  more  closdjr 
appUcable  to  tne  hypothesis  in  question  than  the  experimeiit  of 
John  Hunter.  Dr.  Granville  is  of  opinion  that  the  above  case 
destroys  Ukewise  the  notion  of  the  possibility  of  superfcetatioii. 
It  is  not  easy  to  see  how  it  bears  upon  that  question,  sufficiently 
unUkely  indeed  if  we  consider  it  d  pfiori,  and  yet  supported  by 
evidence  which,  if  correct,  seems  to  be  decisive  in  its  favour; 
as,  for  example,  a  woman  bearing  at  a  birth  two  children ;  the 
jOne  white,  and  the  other  black. 

IV.  New  Eocpenments  on  some  of  the  Combinations  of  Phos* 
phorus:     By  Sir  H.  Daw,  LL.D.  F.R.S.  Vice-Pres."  R.  I.- 
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Considerable  pains  have  been  taken  of  late  years  to  ascertain 
exactly  the  composition  of  the  different  compounds  of  phos- 

S^oruB ;  but  the  subject  is  attended  with  so  much  difficulty, 
at  even  the  repeated  labours  of  the  most  eminent  chemists  of 
the  present  day  have  not  been  sufficient  to  elucidate  it  completely, 
or  to  produce  full  conviction  in  the  minds  of  those  who  are  prac- 
tically aware  of  the  difficulties  attending  these  kinds  of  investiga^ 
tions.  Sir  H.  Davy,  whose  sagacity  and  persevering  industry 
place  him  in  the  very  highest  rank  of  the  most  eminent  chemists 
that  Europe  can  at  present  boast  of  possessing,  may  be  said  to 
have  begun  the  investigation.  In  a  former  paper,  he  made  us 
acauainted  with  several  new  compounds  of  phosphorus,  which 
haa  not  been  recognized  before,  and  rectified  the  notions  of 
chemists  about  some  of  the  other  compounds  of  phosphorus, 
which  had  been  previously  discovered  by  Gray-Lussac  and  The- 
nard.  In  his  System  of  Chemistry,  he  gives  us  the  results  of 
some  other  experiments;  and  among  others,  coincides  with 
Lavoisier,  respecting  the  composition  of  phosphoric  acid,  which 
he  considers  as  a  compound  of  about  1  pnosphorus  and  1*5  oxy- 
gen. Some  time  after,  a  paper  on  the  composition  of  phosphonc 
acid  and  the  phosphates  was  given  to  the  world  by  fierzeUus. 
This  paper  contained  the  results  of  a  vast  number  of  experiments, 
which  had  occupied  the  undivided  attention  of  that  most  indefa- 
tijgable  chemist  for  several  months.  About  the  same  period,  an 
arotract  of  a  paper  by  M .  Dulong  on  the  same  subject  appeared. 
The  paper  itself  was  afterwards  pubUshed  at  full  length  in  the 
third  volume  of  the  Memoires  d'Arcueil.  It  contained  the  dis- 
covery of  a  new  acid  of  phosphorus,  to  which  Dulong  gave  the 
name  of  hypophosphorous  acid.  It  is  scarcely  necessary  to 
miention  my  paper  on  phosphuretted  hydrogen  gas,  pubUshed  in 
a  preceding  volume  of  the  Annals  of  Philosophy,  it  appears  to 
me  to  furnish  a  simpler  and  more  unexceptionable  method  of 
determining  the  composition  of  the  phosphoric  and  phosphorous 
acids  than  any  other,  and  the  method  that  must  ultimately  decide 
the  question. 

The  experiments  of  BerzeUus  and  Dulong  differing  widely  from 
die  former  estimates  of  Davy,  he  was  induced  to  take  up  the  subject 
a  second  time  ;  and  the  present  paper  contains  the  results  of  hii^ 
new  investigations.  After  various  imsuccessftd  trials,  he  found 
that  by  puttmg  phosphorus  in  a  glass  tube  with  a  narrow  mouth, 
he  was  enabled,  by  neating  it  in  a  retort  filled  with  oxygen  gas, 
to  bum  about  10  gr;  of  it  in  that  elastic  fluid,  and  ascertain  the 
oxygen  gas  absorbed.  From  several  experiments  made  in  this 
way,  in  which  from  6  to  10  gr.  of  phosphorus  were  burned,  he 
concludes  that  phosphoric  acid  is  composed  of  100  phosphorus 
j+  136  oxygen.  From  other  experiments  related  in  this  paper, 
Sir  H.  Davy  considers  himself  entitled  to  conclude,  that  phos- 
phorous acid  contains  half  the  oxygen  contained  in  phosphoric 
acid. 

Let.  us  compare  these  experiments  of  Davy  mtSi  \iie  coivcVxx- 
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non»  wbich  I  drew  from  my  experiments  oir  phomhuretted 
hydrogen  gas,  in  a  paper  published  in  the  Annak  of  Pmlosoph/^ 
Tiii.  87,  or  in  August,  18i6. 

1.  Phosphuret^  hydrogen  gas  is  composed  of  one  volume  of 
liydrogen  gas  and  one  volume  of  vapour  ot  phosphorus  condensed 
into  one  volume.  Hence  we  can  ascertain  its  composition  by 
subtracting  from  the  specific  gravity  of  this  gas  the  specific  gvir 
vi(tr  of  hydrogen  gas. 

2.  The  specific  gravity  of  phosphuretted  hydrogen  gas  is 
0*9022 ;  that  of  hydrogen  gas  is  0-0694»  Hence  phosphuretted 
hydrogen  gas  is  composed  of 

Hydrogen 0-0694  or    1 

Phosphorus 0*8328      12 

3.  I  consider  it  as  a  compound  of  one  atom  of  hydrogen  and 
one  atom  of  phosphorus.  On  this  supposition,  an  atom  of 
phosphorus  is  l2  times  as  heavy  as  an  atom  of  hydrogen ;  so  that 
if  we  represent  an  atom  of  hydrogen  by  0*125,  an  atom  of  phos-^ 
phorus  will  weigh  1*5    An  atom  of  oxygen  weighs  1-000. 

4.  One  volume  of  phosphuretted  hydrogen  gas  reauires  fo? 
complete  combustion  either  1  volume  or  1-5  volume  oi  oxygen 
gas. 

5.  In  both  of  these  cases,  one  half  volume  of  the  oxygen  goes 
to  the  combustion  of  the  hydrogen.  The  remainder  of  the 
o^gen  combines  with  the  phosphorus.  Thus  it  appears,  that  a 
volume  of  vapour  of  phosphorus  is  capable  of  combining  with 
half  a  volume  or  with  one  whole  volume  of  oxygen  eaa. 

6.  I  had  already  shown,  in  a  ps^r  published  in  me  AnnaU  ^ 
t^hilosophy,  that  one  volume  of  vapour  of  phosphorus  is  equivalent 
to  one  atom ;  and  that  half  a  volume  of  oxygen  gas  is  equivalent 
to  an  atom. 

7.  Hence  it  follows  that  one  atom  of  phosphorus  is  capaUe 
of  combining  with  one  atom  of  oxygen  or  with  two  atoms  of 
oxygen.  I  concluded,  in  the  paper  aSuded  to,  that  in  the  first 
case,  phosphorous  acid  was  formed ;  in  the  second  case,  phos- 
phoric acid.  Hence  it  follows,  that  the  constituents  of  these 
two  acids  is  as  follows : 

Pbo8.    Oxygen.    Pboi,    Oxygor. 

Phosphorous  acid 1-6  +   1  or  100  +     66-6 

Phosphoric  acid ..1-6  +  2        100  +   133-3 

Now  according  to  Davy,  the  composition  of  these  acids  is  t$ 
follows  : 


Phosphorous  acid 100  +     67-5 

Phosphoric  acid 100  +  136-0 

Thus  it  appears  that  Davy's  experiments  and  mine  do,  not 
differ  6om  each  other  more  tb»xi  ou^  ^t  cieat.  As  his  processef 
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were  conducted  in  quite  a  different  way  from  mine,  ibis  very 
near  coincidence  induces  me  to  rely  Upon  the  results  as  approach* 
ing  the  truth  very  ney&rly.  My  method  was  much  more  susoepr 
tible  of  precision  thati  Davy's.  The  only  part  of  my  experiments 
in  whicn  an  error  was  likely  to  arise  was,  in  taking  the  specific 
gravity  of  the  phosphuretted  hydrogen  gas ;  but  I  do  not  think 
the  error  in  that  process  could  be  considerable.  I  am  disposea, 
therefore,  to  consider  the  results  contained  in  my  paper  on  phoft- 
phuretted  hydrogen  gas  as  exhibiting  the  accurate  conq>otition 
of  phosphorous  and  phosphoric  acids. 

ooon  after  the  publication  of  this  paper  of  mine,  Dulonff^t 
discovery  of  a  new  acid  of  phosphorus,  to  which  he  gave  me 
name  of  ht/pophosphorous  acid,  became  known.  This  acid  con- 
tained less  oxygen  than  phosphorous  acid.  Soon  after  also,  Mr. 
Dalton,  in  a  paper  on  pnosphuretted  hydrogen  gas,  announced 
that  one  volume  of  it  combined  with  two  vomtnes  of  oxygen  gas* 
As  I  was  quite  sure  of  the  accuracy  of  my  previous  proportiops, 
I  was  led  to  infer,  that  a  volume  of  phosphorus  is  capable  of 
combining  with  0*5,  1,  and  1*5  volumes  of  oxygen,  or,  which  is 
the  same  thing,  1  atom  of  phosphorus  with  1  atom,  2  atoms, 
and  3  atoms  of  oxygen.  The  most  obvious  way  of  accounting 
for  this  was  to  consider  the  two  acids  which  I  had  formed  as 
faypophosphorous  and  phosphorous  acids,  and  to  make  the  new 
acid  of  Dalton,  the  phosphoric  acid.  This  accordinglv  was  the 
eonclusion  that  I  drew  in  the  last  edition  of  my  oystem  of 
Chemistry. 

But  the  new  experiments  of  Davy  related  in  this  paper,  induce 
me  to  revert  back  again  to  my  original  statement ;  for  I  think  it 
-hardly  possible  that  two  sets  of  experiments,  so  different  from 
tach  other  as  Davy's  and  mine,  could  have  accorded  so  neady 
as  they  do,  if  they  were  inaccurate. 

I  must  presume,  therefore,  that  Mr.  Dalton's  result,  which  I 
have  been  myself  unable  to  verify,  is  either  inaccurate,  or  that  he 
has  formed  aL  acid  containing  more  oxygen  than  the  phosphoric. 
,  Dulong's  hypophosphorous  acid  is  probably  a  compound  of 
two  atoms  of  phi^sphorus  and  one  atom  of  oxygen^  On  that 
supposition,  it  will  consist  of 

Phosphorus 100*0 

Oxygen 33*3 

numbers  which  approach  fully  as  nearly  to  Dulong's  analysis  as 
could  be  expected,  considermg  the  imperfection  of  the  mode 
which  he  employed. 

These  new  experiments  of  Sir  H.  Davy  then  possess  consider- 
able value.  They  verify  mine,  and  seem  to  leave  little  doubt 
about  the  weight  of  an  atom  of  phosphorus,  and  the  composition 
of  phosphorous  and  phosphoric  acids.  But  the  constitution  of 
phosphoric  acid,  as  it  results  from  the  experiments  of  Davy  and 
•floty  own,  does  not  i^ree  with  the  constitution  of  \t  aa  xa^xiiLVm^ 
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from  the  constitaents  of  the  phosphates  analyzed  by  Bendius. 
There  mu8t|  therefore,  be  an  error  somewhere ;  and  from  the 
difficulties  attending  the  analysis  of  the  phosphates,  and  the 
many  anomalies  which  they  present, '  I  am  tempted  to  suspect 
that  new  experiments  aire  requisite  to  make  us  accuratety 
acquainted  with  the  composition  of  these  bodies/ 

1  do  not  know  whether  it  be  worth  while  to  remark,  that  Davy 
has  adopted  the  very  same  numbers  to  denote  the  composition 
of  phosphorous  and  phosphoric  acid  as  I  had  done  in  the  paper 
on  phosphuretted  hydrogen  gas,  so  often  referred  to.  I  repre- 
sented these  acids  as  composed  of 

Phosphorous  acid  t  •  •  • 1'6  phosphorus  +   1  oxygen. 

Phosphoric  acid   • 1*5  2 

Davy's  numbers  are. 

Phosphorous  acid .  .•.,..••  46  phosphorus  +  30  oxygen 
Phosphoric  acid •  • ,  •  •  45  60 

whidi  are  precisely  my  numbers  multiplied  each  by  30. 

V.  New  Experimental  Researches  on  some  of  the  leading  Doc- 
trines of  Caloric;  particularly  on  the  Relation  between  the  Elas- 
ticity, TTemperature,  and  latent  Heat  of  different  Vapours;  and 
on  tnermometric  Admeasurement  and  Capacity.  By  Andrew  lire, 
M.D.— This  paper,  which  is  of  considerable  length,  is  divided 
into  three  parts.  .      ,- 

In  the  first  part,  we  have  a  set  of  experiments  to  determine 
the  elasticities  of  the  vapour  of  water,  and  of  other  liquids,  at 
different  temperatures.  The  mode  of  conducting  the  experi- 
ments wto  ingenious,  and  it  seems  capable  of  more  accuracy 
than  any  of  me  previoiis  modes  with  which  I  am 
acquainted.  It  consisted  of  a  very  long  glass  tube^- 
shut  at  one  end  and  open  at  the  otner,  and  bent,  as 
in  the  margin.  The  glass  vessel,  A,  was  cemented 
round  the  shut  end,  and  filled  with  water  or  oil, 
which  could  be  heated  by  means  of  an  Argand's 
lamp.  The  liquid  to  be  converted  into  vapour  was 
put  up  into  the  sealed  end  of  the  tube ;  then  mer- 
cury was  poured  into  the  tube  till  it  stood  in  both  - 
legs  at  the  same  level,  L  /.  The  portion  above  /was 
filled  with  the  vapour  of  the  liquid.  The  tempera- 
ture in  it  was  measured  by  a  thermometer,  and 
mercury  was  poured  into  the  long  leg  of  the  syphoa 
till  the  bulk  of  the  vapour  was  reduced  to  what  it 
was  when  the  experiment  set  out.  Thus  the  elas- 
ticity was  measured  by  the  height  of  the  column  of  mercuiy  in 
the  long  leg  of  the  syphon. 

The  following  table  exhibits  the  elastic  force  of  the  vapour  of 
water  at  different  temperatures,  according  to  Dr.  lire's  expeii- 
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ment,  represented  by  the  length  of  the  cdumn  of  mercoiy  in 
inches  which  that  vapour  is  capable  of  supporting. 


Temp. 

Elasticity. 

Temp. 

Elasticity. 

Temp. 

Elasticity. 

Temp. 

Elasticity. 

240 

0-170 

165-00 

10-80 

250*0© 

61-90 

292-30 

183-10 

32 

0-SOO 

170*0 

12*05 

251-6 

63*50 

294-0 

186*70 

40 

0-250 

175*0 

13-55 

254-5 

66-70 

295-6 

130*40 

50 

0-360 

180*0 

15-16 

855*0 

67*25 

295-0 

189*(ft 

55 

0-416 

185-0 

16-90 

257*5 

69*80 

297-1 

133-90 

60 

0-516 

190-0 

1900 

260-0 

72-30 

298-8 

137-40 

65 

0-630 

195-0 

21-10 

260-4 

72-80 

300-0 

139-7a 

70 

0-726 

200-0 

23*60 

2628 

75-90 

300-6 

140*80 

75 

0-860 

205-0 

25-90 

2649 

77-90 

308-0 

144*3a 

80 

1-010 

210*0 

88-88 

265-0 

78-04 

308*8 

147-70 

85 

1-170 

212-0 

30*00 

2670 

81-90 

305-0 

150-56 

90 

1-360 

216*6 

33-40 

269-0 

84-90 

306*8 

154*40 

95 

1-640 

2200 

35-54 

270-0 

86*30 

308*0 

157*70 

100 

1  860 

221-6 

36-70 

271-2 

88-00 

310-0 

161-80 

105 

2-100 

225-0 

39-11 

273*7 

91*20 

311-4 

164*80 

110  ' 

2-456 

226-3 

4010 

275-0 

93-48 

318*0 

167-00 

115 

2*820 

2300 

4310 

275-7 

94-60 

Another 

tzper. 

ISO 

3-800 

230*5 

43-50 

277-9 

97-80 

318-0 

165*5 

105 

3*830 

234-5 

46  80 

279  5 

101-60 

130 

4-366 

2350 

47-22 

280*0 

101-90 

« 

IS5 

'5-070 

238-5 

50-30 

281-8 

104*40 

140 

5-770 

240*0 

51-70 

283-8 

107*70 

146 

6*600 

242-0 

53-60 

285-2 

112-80 

■ 

150 

7*530 

2450 

56-34 

287-2 

114*80 

155 

8-500 

245-8 

57*10 

2890 

118*20 

160 

9600 

248-5 

60*40 

2900 

180*15 

Dr.  Ure  has  discovered  that  if  30  =  elastic  force  of  strain  at 
212°  be  divided  by  1*23,  the  Quotient  will  exhibit  the  elastic 
^  Ibirce  of  steam  at  10°  below  212^.  This  last  quotient  divided  by 
1*24  will  give  the  elastic  force  of  steam  at  10  below  202® ;  this 
last  quotient  divided  by  1*26  will  give  the  elasticity  of  steam  at 
10^  below  192°,  and  so  on.  To  obtain  the  force  of  steam  above 
212°,  we  have  only  to  multiply  30  by  1*23  for  the  force  at  222®; 
that  product  multipUed  by  1*22  gives  the  force  at  232° ;  this  last 
product  multiplied  by  1*21  gives  the  elasticity  at  242^,  and  so  on. 
Or  this  empirical  formula  of  Dr.  Ure  may  be  represented  more 
generally  in  this  way : 

28*9  represent  the  elasticity  of  the  vapour  of  water  at  210°. 
liCt  n  represent  the  number  of  decades  above  or  below  210°  of 
the  degree  at  which  the  elasticity  of  steam  is  required.  Let  r 
s  the  mean  ratio  between  210°  and  the  temperature  at  which 
Che  elasticity  of  steam  is  required.*  Then  log.  28*9  ±  n  .  log.  r 
=  logarithm  of  the  elasticity  required.  Above  212°  we  add,  and 
below  212°  we  subtract  n  .  log.  r. 

Dr.  Ure  ascertained,  by  a  set  of  experiments  conducted  in  the 
saipe  n^anner,  the  elasticity  of  the  vapours  of  alcohol,  sulphuric 

#  By  meai;  ratio  is  meant  tlie  terms  1*83,  1-84, 1*!^5,  &c.  or  1-23, 1-88, 1-21,  &c. 
as  fkr  as  if  reqvirfd,  added  together,  and  tlie  sum  divided  by  tlie  number  ot* 
teiMf* 
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ether,  oil  of  tuipentiney  and  naphtha.    The  foUowing  taUe  exhi- 
bits tlie  results  which  he  obtained. 


.     Ether. 

Alcohol,  8p.Gr.  0*818. 

Naphtha. 

OlIofTorpeiiiioe 

Temp. 

ElasL 

Temp. 

Elabt. 

Temp.    Elast. 

Temp. 

Elast. 

Temp. 

£i;i9(. 

Sio 

6-80 

S80 

0*40 

178*00 

80*00 

3160 

80-00 

S«4-Oo 

SOKX) 

44 

8-10 

40 

0*56 

178*3 

33-50 

S80 

31-70 

307-6 

s^m 

54 

1030 

45 

0-70 

180-0 

34-73 

385 

34-00 

310  0 

3S-50 

e4 

1800 

50 

0-86 

188-S 

36*40 

330 

36*40 

8150 

35*20 

74 

16*10 

55 

1-00 

1853 

39-90 

335 

38-96 

3800 

37-06 

84 

80-00 

60 

1-88 

190*0 

43-80 

340 

41-60 

388-0 

37-80 

94 

84-70 

65 

1*49 

1938 

46-60 

345 

44-10 

8860 

40*20 

101 

80-00 

70 

1*76 

196-3 

50-10 

350 

46-86 

380*0 

48-10 

8d 

Elber. 

73 

8-10 

8000 

53-00 

355 

50-20 

3360 

■  45<X) 

105 

8000 

80 

8-45 

806-0 

60*10 

360 

53-30 

840-0 

47-W 

no 

88*54 

85 

9*98 

8100 

65*00 

365 

56-90 

34.^0 

49-40 

115 

85-90 

90 

8  40 

814-0 

69-30 

370 

60-70 

347-0 

51-70 

180 

89*47 

95 

S'90 

8160 

78*80 

372 

61-90 

350-0 

53*80 

1S5 

4384 

100 

4-50 

880-0 

78*50 

375 

64*00 

354-0 

56-60 

ISO 

4714 

105 

5*80 

285*0 

87*50 

3670 

58-70 

1S5 

51*90 

110 

600 

8300 

94*10 

360*0 

60-80 

140 

56-90 

115 

710 

838*0 

97  10 

i 

368*0 

68-40 

145 

6810 

180 

8*10 

836*0 

103*60 

150 

67-60 

126 

9*85 

8380 

106*90 

155 

78*60 

ISO 

10*60 

8400 

111-84 

160 

80-80 

185 

1815 

8440 

118-80 

165 

86-40 

140 

18-90 

847-0 

188-10 

170 

98-80 

145 

15-95 

8480 

12610 

175 

9910 

150 

1800 

849-7 

131-40 

iSO 

108-80 

155 

80*80 

8500 

138-30 

' 

185 

11610 

160 

88  60 

858-0 

138-60 

190 

184-80 

165 

25-40 

854-S 

143-70 

105 

183*70 

170 

88-30 

858*6 
860-0 
8680 

151-60 
155-80 
161-40 

8640  116610 

Dr.  Ure  remarks,  that  the  discrepancies  in  our  systems  of 
chemistry  respecting  the  boiUn^  point  of  oil  of  turpentine  are 
ladicrous.  Dr.  Murray  makes  it  560°,  Mr.  Dalton  under  212*^. 
He  himself  states  the  boiling  point  at  316^.  He  does  not  tAe 
any  notice  of  my  estimate  of  that  point.  Had  he  looked  into  the 
first  volume  of  my  System  of  Chemistry  (5th  edit.),  p.  100,  he. 
would  have  found  the  boiling  point  of  od  of  turpentine  stated  on 
the  authority  of  an  experiment  of  my  own  at  314*^.  The  two 
degrees  ctf  difference  between  his  estimate  and  mine  were  owing 
no  4oubt  to  the  difference  between  our  thermometers.  Mine 
was  a  standard  thermometer  made  for  me  by  Mr.  Creighton. 
From  Mr.  Creighton's  mode  of  graduating  thermometers,  it  is 
obvious  that  in  the  higher  parts  of  the  scale,  the  degrees  are 
below  the  truth.  Thus  merciury  boils,  as  determined  by  his 
thermometers,  at  556^  :  the  real  boiling  point,  as  determined  by 
Dulong  and  Petit,  is  680°.-  It  is  probable  that  Dr.  Ure  also 
employed  a  thermometer  made  by  Creighton.  But  it  is  unlikely 
that  it  should  be  better  than  mine,  as  Mr.  Creighton  was  at  great 
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pains  to  make  mine  as  correct  as  possible,  and  I  paid  him  a 
hi^  price  for  it. 

The  second  topic  which  Dr.  Ure  discusses  in  this  paper,  is 
Mr.  Dalton's  opimon  that  the  common  thermometer  is  an  inac- 
curate measurer  of  heat,  and  that  mercury  and  allhquids  expand 
as  the  square  of  the  temperature,  reckoning  from  the  freezing 
point.  It  is  not  necessary  to  give  a  particular  detail  of  the  facts 
contained  in  this  part,  as  Mr.  Dalton's  opinions  on  this  subject 
had  been  already  overturned  by  the  experiments  of  Dulong  and 
Petit.*  Dr.  lire's  notion  that  the  capacity  of  bodies  for  heat 
diminishes  as  the  temperature  increases,  is  directly  contrary  to 
the  results  of  the  experiments  of  Dulong  and  Petit  on  the  sub- 
ject. It  seems  also  contrary  to  analogy  in  6ther  cases.  We 
know  that  the  capacity  of  elastic  fluids  increases  as  they  become 
rarer,  and  that  the  rarest  of  all  the  elastic  fluids  has  the  greatest 
capacity.  It  is  reasonable,  I  think,  that  this  should  be  the  case; 
for  the  further  the  particles  of  a  body  are  removed  from  each 
other,  the  greater  must  the  quantity  of  heat  be  which  shall  be 
capable  of  producing  a  ^ven  efiect  on  it. 

In  the  third  part  of  this  paper.  Dr.  Ure  gives  us  a  set  of  expe* 
riments  made  to  determine  the  latent  heat  of  the  vapours  of 
several  liquids.     He  put  200  gr.  of  the  liquid,  the  latent  heat  of 
whose  vapour  was  to  be  determined  into  a  small  retort  with  a 
very  short  neck.    The  neck  entered  into  a  glass  globe,  which 
was  surrounded  by  a  considerable  quantity  of  water.    The  latent 
heat  was  determined  by  the  dem*ee  of  heat  communicated  to  the 
water  surrounding  the  globe,     it  is  obvious  that  the  latent  heats 
determined  in  this  way  must  be  considerably  below  the  truths 
The  method  contrived  by  Count  Rumford  seems  to  me  a  good 
deal  better.    He  cooled  the   water  surrounding  the  globe  4^ 
below  the  temperature  of  the  room,  and  continued  the  distilla- 
tion till  the  temperature  of  the  water  was  exactly  4°  above  that  of 
ike  room.    During  the  first  half  of  the  process,  the  water  was 
receiving  heat  from  the  air  of  the  room ;  during  the  second  half, 
it  was  giving  out  heat  to  the  air  of  the  room,  and  the  one  quan- 
tity must  have  been  exactly  counterbalanced  by  the  other. 
Ck>unt  Rumford  found  the  latent  heat  of  steam  and  the  vapour  of 
alcohol  as  follows : 

Steam 1040-8^ 

Vapour  of  alcohol  between 477*0    and  500® 

The  result  of  Dr.  Ure's  experiments  is  as  follows : 

Steam 967-000^ 

Vapour  of  alcohol 442000 

sulph.  eth^T 302-379 

« 

•  The  cooiikienefinenC  of  their    importaDt  paper  iFvill  be  found  in  the  last 
nmhtt  ti  tke  Awmb^  p>  118. 
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Vapour  of  naphtha •  177'870 

oil  of  tuipentine 177*870 

nitric  acid  (sp.  gr.  1-494) 531*990 

ammonia  (sp.  gr.  0-978) 837*280 

vinegar  (sp.  gr.  1-007) 876-000 

Dr.  lire  terminates  his  paper  by  a  very  ingenious  speculaticm 
on  the  connexion  existing  between  the  latent  heat,  elastic  force, 
and  specific  gravity  of  gases  or  vapours.  He  conceives  that 
when  their  tension  is  the  same^  the  product  pi  their  densitieft 
into  their  latent  heat  will  also  be  the  same  ;  or,  in  other  wordsy 
that  the  elasticity  is  always  as  the  specific  gravity  multiplied  mto 
the  latent  heat.  I  have  no  doubt  that  we  might  make  consider- 
able progress  in  the  generalization  of  the  properties  of  elastic 
fluids  by  the  application  of  mathematical  reasoning ;.  but  it 
would  be  requisite  in  the  first  place  to  be  possessed  of  a  veiy 
accurate  set  of  experiments  on  their  expansion,  latent  heats, 
specific  gravities,  &c.  Till  these  are  furnished,  mathematical 
reasoning,  however  ingenious,  will  serve  only  to  lead  us  astrav. 
Mr.  Dalton  in  the  first  volume  of  his  Chemistry,  and  M.  fiiot  m 
Jiis  late  work  on  Physics,  have  afibrded  us  some  striking  exam- 
ples of  the  little  advantage  which  results  from  the  application  of 
ipathematical  reasoning  to  loose  or  inaccurate  data, 

{Tq  be  continued,) 


Article  XI. 

Proceedings  of  Philosophical  Societies. 

ROYAL    SOCIETY. 

Jan.  21. — A  paper,  by  Dr.  T.  Young,  was  read,  entitled 
''  Remarks  on  the  Advantage  of  Multiplied  Observations  in  the 
Physical  Sciences,  and  on  the  Density  of  the  Earth/'  After 
some  observations  upon  the  application  of  the  doctrine  of 
chances  to  the  physical  sciences,  the  author  showed  that  the 
combination  of  many  different  causes  of  error,  each  liable  to 
change,  has  a  tendency  to  diminish  the  aggregate  variation  of 
their  joint  effect.  From  calculation  he  then  inferred,  that  the 
original  conditions  of  the  probability  of  different  errors  do  not 
considerably  modify  the  conclusions  respecting  the  accuracy  of 
the  mean  result,  because  their  effect  is  included  in  the  magnitude 
of  the  mean  error  from  which  these  conclusions  are  deduced.  He 
also  showed,  that  the  error  of  the  mean  arising  from  this  limita- 
tion is  never  likely  to  be  greater  than  ^ths  of  me  mean  of  all  the 
errors  divided  by  the  square  root  of  the  number  of  observations. 
The  author  then  proceeded  to  the  application  of  the  doctrine  of 
chances  to  Uterary  and  historical  subjects^  particulaily  mibi 

9       . 
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respect  to  the  origin  of  languages  and  nations.  In  speaking  of 
the  density  of  the  earth,  Dr.  Y.  attempted  to  show  that  the 
general  law  of  compression  is  quite  sufficient  to  explain  the  greater 
density  of  the  interior  of  the  earth,  and  that  this  law,  which  is 
true  for  small  pressures,  in  all  substances,  and  universally  in 
elastic  fluids,  requires  some  modification  for  soUds  and  Uquids, 
the  resistance  in  them  increasing  faster  than  the  density ;  for 
no  mineral  substance,  he  observ^,  is  sufficiently  light  and  in- 
compressible to  affi)jd  a  sphere  as  large  as  the  earth,  and  of 
the  same  specific^^avity,  without  such  deviation  from  the  gene- 
ral law.  A  sphere  of  water  or  of  fiir  would  be  still  more  dense, 
and  the  moon,  if  she  contained  such  cavities,  would  soon  have 
absorbed  her  atmosphere,  if  she  had  ever  possessed  any. 

Tlie  paper  concluded  with  some  remarkis  on  Euler's  formula 
for  the  roIUng  pendulum,  in  which  the  perfect  accuracy  of  La^ 
place's  theory,  for  the  length  of  the  convertible  pendulum  rolling 
on  equal  cyUnders,  was  shown. 

Jan.  28. — A  paper,  by  Capt.  W.  J.  Webbe,  was  read,  entitled 
"  Memoir  of  a  burvey  of  the  Province  of  Keemaon."  The  author 
stated  in  this  memoir,  that  from  the  difficulty  of  obtaining  any 
thing  like  an  accurate  base  by  route  measurement  upon  the  plain, 
he  wa^  induced  to  consider  now  far  such  a  base  might  be  accu- 
rately deduced  from  astronomical  observations.  Having  a  good 
reflecting  circle,  he  found  that  by  multiplied  observations  near 
the  meridian,  the  latitudes  obtained  on  different  days  did  not  vary 
from  one  another  more  than  2f^  or  3^^.  From  the  difficulties, 
however,  he  had  to  encounter,  he  was,  after  all,  under  the  neces- 
sity of  adopting  a  proximate  primary  base,  reserving  its  correction 
till  a  future  opportunity.  In  determining  the  elevations  of 
mountains,  he  used  Mr.  Colebrook's  formula.  The  paper  con* 
eluded  witli  an  account  of  the  heights  of  many  of  the  snowy 
peaks  of*  the  ridge  from  which  the  Dnieper,  Don,  and  Volga, 
descend  on  the  European  side,  and  the  Ganges  and  Indus  on  me 
Asiatic;  and  appended  was  an  extensive  catalogue  of  the  lati« 
tudes,  longituaes,  and  elevations  of  places  and  stations  in  the 
province  of  Keemaon. 

At  this  .meeting  was  also  read,  a  paper,  by  Professor  Aldini, 
entitled  *'  An  Experimental  Inquiry  upon  Gas  Light  on  the 
Continent,  with  some  Observations  upon  the  Present  State  of 
the  Illumination  of  London.'^  After  some  general  remarks,  the 
author  suggested,  that  when  coals  cannot  be  obtained,  turf  may 
be  substituted ;  also  the  refuse  bark  of  tan  yards,  pitch,  tar, 
petroleum,  and  oil,  as  now  employed  by  Messrs.  Taylor.  He 
also  suggested  the  possibility  of  employing  hydrogen  from  the 
decomposition  of  water  for  augmenting  the  quantity  of  gas. . 

Feb.  4.— A  paper,  bjijSy .  Bain,  Esq.  was  read,  on  the  dangers 
to  which  navigation  is  e^osed  by  navigators  neglecting  to  make 
the  local  attraction  on  shipboard  an  element  of  calculation.  The 
author  commenced  by  making  remarks  on  Capt.  Ros^'^  t^e«Q^ 
ciwervatiogs  on  the  magnetic  variation  in  the  nottYiexti  x^^otl^^ 
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and  afterwards  attempted  to  point  out  some  of  the  dangers  to 
which  navigators  are  exposed  from  inattention  to  the  cir- 
cumstances producing  such  local  variations. 

At  this  meeting  also  a  paper  was  read,  by  W.  Scoresby,  Jun. 
Esq.  on  the  anomaly  in  the  variation  of  the  magnetic  needle  at 
observed  on  shipboard.  The  author  began  with  remarking 
that  the  anomalous  variation  occasioned  by  the  iron  of  the  ship, 
first  pointed  out  by  Capt.  Flinders,  is  now  g^ierally  admitted. 
He  then  proceeded  to  state  his  observations  upon  the  subject 
made  during  tlie  years  1815  and  1817  upon  the  coast  of  Spits- 
bergen,  select  tables  of  which  observations  were  given.  To 
these  were  added  some  general  inferences  upon  the  subject, 
deduced  at  the  time  of  observation,  in  which  it  was  remarked, 
that  the  anomaly  is  probably  greater  in  large  ships  of  war  and 
merchantmen  carrying  much  iron  than  in  others,  though  he 
stated  it  to  be  perceptible  in  all  ships,  even  when  iron  forms  no 
part  of  the  cargo,  especially  in  high  latitudes. 

There  was  likewise  read  at  this  meeting  an  extract  of  a  letter 
from  T.  Say,  Esq.  of  Philadelphia,  to  Dr.  Leach,  on  the  subject 
of  the  genus  Ocythoe.  The  author  commenced  by  describings 
new  species  of  ocythoe*  This  animal  is  found  occupying  me 
argonauta  shell,  residing  in  its  last  volute.  The  shell  also  does 
not  fit  the  animal,  nor  is  it  attached  to  its  body.  The  author 
supposed  it  therefore  to  be  a  parasite,  and  that  the  animal  which 
forms  the  argonauta  shell  may  possibly  belong  to  the  order 
pteropoda,  though  all  hitherto  observed  of  this  order  swim  on 
the  surface  of  the  water ;  for  having  nothing  but  fins,  they  are 
not  calculated  to  move  along  the  bottom. 

There  was  also  read  a  communication,  by  L.  F.  Bastard,  of 
Geneva,  entitled  '^  Arithmetical  Observations  upon  the  Extrac- 
tion of  Roots  .'^  The  author  offered  some  remarks  upon  the 
extraction  of  the  roots  of  high  powers  ;  and  attempted  to  point 
out  an  improved  method  of  efiecting  that  difficult  task  ;  but  the 
nature  of  the  communication  did  not  admit  of  its  being  read  in 
-  detail. 

Feb.  11. — A  paper,  by  Capt.  J.  Ross,  R.N.  was  read,  on  the 
•  variation  of  the  compass.  The-  variation  of  the  compass  was  one 
of  the  objects  that  particularly  eng|aged  the  author's  attention 
during  his  late  voyage  to  the  Arctic  Regions ;  and  he  detailed 
his  experiments  on  this  subject  in  the  order  in  which  they  were 
made.  From  these  he  concluded,  that  every  ship  has  a  peculiar 
attraction  afi'ecting  her  compasses,  tlie  exact  amount  ot  which 
it  is  difficult  to  ascertain^  This  attraction  is  not  progressive,  but 
irregular,  and  scarcely  admits  of  general  rules ;  and  hence  the 
rules  usually  given  on  the  subject  are  not  to  be  depended  upon, 
especially  in  very  high  latitudes.  In  the  Isabella,  six  compasses 
were  found  to  agree  when  in  the  same  place ;  but  they  all  dis- 
agreed when  removed  to  different  situations  between  the  stem 
and  foremast.  Hence  the  variation  of  the  compass  will  diflSer 
img  to  the  place  it  occwj^iea  in  the  ship.    The  time  of 
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takinff  die  obsenration  also^  and  the  position  of  the  ship's  head, 
modify  the  variation.  The  variation  is  likewise  affected  by  the 
temperature^  density,  and  hnmidity  of  the  atmosphere.  The 
direction  of  the  wind  and  the  dip  were  Ukewise  found  to  irregu* 
larly  influence  the  variation. 

reh.  18. — A  paper,  by  Capt.  E,  Sabine,  was  read  on  the  same 
subject.  It  was  entitled  "  The  Irregularities  observed  in  the 
Direction  of  the  Compass  Needles  of  H.  M.  S.  Isabella  and  Alex- 
ander, in  the  late  Voyage  of  Discovery,  caused  by  the  Iron 
contained  in  them." 

LINNJBAN    SOCIETY. 

Jan.  26. — Mr.  Smith's  paper,  on  the  Botany  of  Jersey,  Guern- 
sey, Aldemey,  and  Sark,  was  concluded. 

JFeft.  2. — A  paper,  by  Mr,  John  Lindley,  entitled,  *'  A  Mono- 
graph of  the  Genus  jRo^a,"  was  commenced. 

JR?6.  16. — The  same  paper  was  continued. 

GEOLOGICAL   SOCIETY. 

Dec,  18.— ^A  communication  was  read  from  Thomas  Robinson, 
Esq.  of  Morley  Park  Iron  Works,  near  Belper,  Derbyshire,  on  a 
tree,  apparently  oak,  found  in  these  works. 

As  the  miners  were  sinking  a  pit  for  the  purpose  of  obtaining 
iron  ore,  they  discovered  a  tree,  apparently  oak,  in  aa  erect  posi- 
tion, its  bottom  standing  below  the  third  measure  of  iron  stone ;  • 
its  length  was  about  six  feet,  and  its  diameter  10  to  14  inches ; 
and  its  substance  dark  coloured  and  mouldering;  its  position,  and 
the  unbroken  appearance  of  the  beds  it  traversed,  seem  to  coun- 
tenance an  idea,  that  it  grew  there  previously  to  the  deposition 
of  the  bed^  surrounding  it. 

A  communication  was  received  from  the  Rev.  William  Buck- 
land,  B.D.  F.R.S.  V.P.G.S.  and  Reader  in  Geology  and 
Mineralogy  in  the  University  of  Oxford,  and  the  Rev.  W.  D*  . 
Conybeare,  A.M.  M.G.S.  "  On  the  Geological  Structure  of  the 
Soum  Western  Coal  District, 'and  on  the  Relations  of  the  Depo* 
jsites  by  which  it  ispartially  covered.'* 

Jan.  1,  1819.— The  reading  of  Mr.  Buckland's  paper,  on  the 
South  Western  Coal  District,  was  concluded. 

This  paper  is  understood  to  be  introductory  to  a  series  of 
communications  on  this  district,  which  appears  generally  to  con- 
sist of  two  principal  formations. 

The  first  reposes  on  the  transition  rocks,  and  includes  the 
independent  coal  formation  of  the  Wemerian  school. 

The  second  consists  of  more  recent  horizontal  deposites,  lying 
imconformably  on  the  transverse  edges  of  the  first  formation,  and 
partiaUy  filling  the  valleys  and  low  grounds  between  the  ridges 
cdnstituted  by  them. 

-    The  first  formation  consists  of  the  following  beds,  beginning 
with  the  lowest. 

1.  B^mIs  of  transition  limestone  and  imperfect  slate  whicb  tK^ 
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author  supposes  of  the  same  era  with  those  which  occur  neai 
Malvern^  and  at  Ludlow  and  Weulcck-edge^  and  considers  as  the 
upper  members  of  the  gray  wacke  series,  and  a  link  between  the 
transition  slate-rocks  and  succeeding  formations. 

2.  Old  red  sandstone. 

3.  Mountain  limestone. 

4.  Goaf  measures. 

All  the  beds  of  this  series  are  highly  inclined,  and  thrown  bjr 
their  undulations  into  various  basins,  each  of  which  contains  a 
succession  of  coal-measures  surrounded  by  bands,  formed  by  tiie 
outcrop  of  the  subjacent  beds  of  mountain  Umestone  and  old  red 
sandstone. 

The  principal  of  these  basins  are  ;  1.  That  of  Somerset  aii4 
South  Gloucester,  including  the  coUieries  of  Mendip,  Kingswood; 
and  Sodbury. 

2.  That  of  the  forest  of  Dean. 

3.  That  of  South  Wales. 

Tlie  second  formation,  beginning  with  the  lowest  beds,  con- 
sists of 

1 .  Galcario-magnesian  conglomerate,  and  magnesianlimestone. 

2.  Newer  red  sandstone  and  red  marl. 

3.  Lias. 

4.  Oohte,  which  rises  to  a  greater  elevation  than  the  three 
preceding  beds,   and  skirts  the  eastern  border  of  the  district 

-   under  consideration. 

Besides  these  regular  formations,  two  whin-dykes  traverse  the 
north  border  of  the  Somerset  and  Gloucester  basin,  near  Berke- 
ley, extending  north  and  south  nearly  parallel  to  each  other  for 
about  two  miles,  and  cutting  the  transition  limestone  and  old  red 
sandstone.  At  one  point,  called  Woodford,  one  of  these  dykes 
has  been  said  to  contain  organic  remains ;  but  these  have  been 
found  only  in  portions  of  the  limestone,  entangled,  and  partially 
enveloped  by  the  sides  of  the  dyke.  This  trap  contains  agates, 
prehnite,  sulphate  of  strontian,  carbonate  of  hme,  green  earth, 
and  ferriferous  magnesian  carbonate  of  hme:  the  two  latter 
abound  in  the  amygdaloidal  varieties  at  Woodford.  In  one 
spot  near  its  south  extremity,  the  dyke  becomes  column^. 

..This  paper  contains  some  piecise  observations  of  the  angles  of 
inchnation  and  direction  of  the  different  strata,  which,  though  of 
httle  importance  when  taken  singly,  possess  considerable  value 
in  reference  to  the  structure  of  an  extensive  district. 

A  note  points  out  the  recurrence  of  magnesian  Umestone  in  ail 
the  formations  from  primitive  dolomite  upwards  through  transi- 
tion limestone,  oolite,  and  chalk,  and  also  that  it  exists  in  the 
London  clay.  An  appendix  contains  a  list  of  previous  works  in 
which  accounts  of  the  district  under  examination  may  be  found, 
and  the  authors  have  given  a  very  brief  but  useful  abstract  of 
these  contents. 

A  paper  was  read,  on  the  rock  of  Gibraltar,  by  Thomas  Kent, 
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Esq.  communicated  through  William  Cosens,  Esq.  both  of 
Gibraltar. 

The  rock  is  amass  of  limestone.  Whose  greatest  height  is  about 
1,440  feet,  and  its  base  about  2,200  feet,  in  its  longer  diameter. 
TTie  small  rock  on  which  the  Devil's  Tower  is  built,  appears  to  be 
a  fragment  fallen  from  it :  the  edge  of  the  summit  is  in  some 
places  so  sharp  that  a  person  cannot  stand  upon  it.  Part  of  the 
rock  appears  to  have  been  much  broken  and  dislocated,  and  in 
tbe  intervals  between  the  fragments,  as  well  as  in  a  cavern  in  the 
side  of  the  east  cUff,  bones  have  been  found  incrusted  with 
stalactitic  carbonate  of  lime.  The  hills  near  St.  Roque,  reaching 
for  a  distance  of  several  miles  into  Spain,  contain  large  oyster 
and  cockle,  and  other  shells  ;  but  the  author  has  not  examined 
the  beds. 

The  ancient  city  of  Carteia  was  built  of  the  stone  from  these 
hiUs. 


Article  XII. 

SCIENTIFIC    INTELLIGENCE,    AND    NOTICES    OF  .SUBJECTS 

CONNECTED    WITH    SCIENCE. 

I.  Durham  Coal  Field. 

Wfi  undert^tand  that  it  is  in  contemplation  at  present  to  opeA 
the  Coal  Field  of  Durham  into  Yorkshire.  In  the  mean  time,  a 
bill  is  to  be  brought  into  Parliament  to  carry  a  rail-way  from 
Bishop  Auckland  to  DarUngton  and  Stockton.  Mr.  Stevenson, 
of  Edinburgh,  one  of  the  most  accomplished  engineenj.of  this 
country,  has  been  called  by  the  committee  of  subscribers  to  give 
an  opinion  as  to  the  best  Une.  The  work  is  estimated  at  about. 
120,000/.,  a  great  part  of  which  is  already  subscribed. 

II.  Melting  PoifUs  of  Bismuth,  Tin,  and  Lead. 

Mr.  Creighton,  of  Glasgow,  who  has  been  long.celebrated  for 
the  beauty  and  accuracy  of  the  philosophical  instruments  made 
by  him,  and  who  has  consecrated  the  evening  of  his  life,  in  a 
great  measure,  to  the  manufacture  of  thermometers,  has  uotie 
some  remarks  on  the  boiling  points  of  bismuth,  tin,  and  lead, 
which  deserve  to  be  better  known  than  they  seem  to  be  at  pre* 
sent.  He  announced  his  determination  of  the  melting  points  of 
these  metals  in  an  early  volume  of  the  Philosophical  Magazine ; 
but  whether  the  facts  to  which  I  wish  at  present  to  draw  the 
attention  of  the  chemical  reader  were  noticed  by  him  in  his 
original  paper,  I  do  not  recollect,  as  I  have  not  the  e^rly 
volumes  of  that  wotk  at  present  by  me.  If  they  wera  noticed, 
they  seem  not  to  have  attracted  the  attention  of  chemists ;  fbtwl 
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am  not  aware  of  any  chemical  book  in  n^iidi  tliey  are  liwi- 
tioned. 

The  melting  points  of  these  metals,  as  detennined  bj  Mr. 
Creighton,  are  as  follows : 

Lead BIOT 

Bismuth 476 

Tin 442 

Now  the  carious  circumstance  attending  these  metala  is  this: 
When  they  cool  down  to  the  melting  pomt,  bismoth  instandr 
sinks  8?,  and  immediately  rises  agam ;  tin  instantly  sinks  4 , 
and  immediately  rises  again ;  while  lead  undergoes  no  cbanp 
whatever,  but  remains  stationary  •  at  612^  tiiU  the  whok  ■ 
congealed. 

It  is  well  known  that  water  in  certain  circnmstancea  ma?  bs 
sunk  down  considerably  below  the  freezing  point  witnoot 
congealing;  but  the  instant  it  begins  to  congeal,  it  rises 
again  to  32^,  at  which  it  remains  stationary  till  the  whole  is 
converted  into  ice.  The  subsidence  of  the  bismuth  and  the  tin 
is  obviously  analogous  to  that  of  the  water,  and  the  subsequent 
rise  is  doubtless  owing  to  the  commencement  of  congelation  in 
these  metals.  The  curious  circumstance  is,  that  each  sinks  a 
definite  number  of  degrees,  and  that  lead  does  not  sink  at  sU. 
I  conceive  that  these  phenomena  depend  upon  the  latent  heat  of 
these  liquid  bodies.  When  water  is  cooled  down  below  its 
freezing  point,  it  ^ves  out  a  portion  of  its  latent  heat.  The 
erolution  of  the  latent  heat,  as  it  congeals,  raises  the  temperature 
to  32°,  and  keeps  it  at  that  point  till  the  whole  water  is  converted 
into  ice.  Bismuth  and  tin,  in  like  manner,  may  be  cooled  down 
several  degrees  below  their  point  of  congelation,  and  the  best 
they  give  out  is  a  portion  of  their  latent  heat.  When  diey  begin 
to  congeal,  that  portion  which  becomes  soUd  gives  out  the  whole 
of  its  latent  heat,  and  this  evolution  keeps  up  the  temperature  at 
the  melting  point  till  the  whole  has  congealed.  But  the  latent 
heat  of  lead  is  much  smaller  than  that  of  the  other  two  metals. 
It  seems  this  metal  is  incapable  of  parting  vrith  a  portion  of  its 
latent  heat.  The  whole  oi  it  escapes  at  once  in  proportion  as 
t|ie  metal  congeals :  consequently  the  thermometer  must 
remain  stationary.  The  latent  heat  of  these  three  metals, 
.  according  to  the  experiments  of  Dr.  Irvine,  is  as  follows  : 

Bismuth 550^        It  loses  -^  of  its  latent  heat. 

Tin 600  It  loses 

Lead 162 

III.  Japan  Copper. 

Bergman  states  the  specific  gravity  of  copper  at  9*3243  (De 
NlccolOi  Opusc,  ii.  263).  Cronstadt  states  the  specific  gravity 
^  Japan  oopper  iQ  be  9*000.    I  have  never  myself  been  abk  to 
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meet  with  copper  of  even  so  high  a  specific  gravity  as  that  given 
by  Cronstedt,  though '  I  have  examined  the  purest  copper  used 
iii  this  country  for  cdloying  gold,  and  in  which  I  could  detect  no 
sensible  quantity  of  any  foreign  ingredient.  I  was  naturally 
anxious  on  that  account  to  take  the  specific  gravity  of  the  best 
kinds  of  Japan  copper.  This  I  have  been  enabled  to  do  by  the 
kindness  of  Professor  Jameson^  who  got  a  piece  of  Japan  copper, 
said  to  be  of  the  veiy  best  quality,  from  a  gentleman  who  had 
been  in  the  habit  of  dealing  largely  in  that  article  of  commerce 
in  India,  and  had  himself  (for  he  was  the  captain  of  a  ship)  car- 
ried it  from  Japan  to  India  in  great  quantities.  I  found  its  specific 
gravity  only  8*434,  and  hence,  I  think,  we  may  conclude,  that  the 
number  assigned  by  Cronstedt  for  the  specific  gravity  of  copper 
is  above  the  truth.  Bergman's  number,  a  fortiori,  is  also  in 
excess. 

IV,  Measurement  of  an  Arc  of  the  Meridian  in  India, 

Many  of  our  readers  are  probably  aware  that  a  trigonometrical 
survey  of  India  has  been  going  on  for  a  good  many  years,  at  the 
expense  of  the  British  government  in  that  country,  and  under 
the  superintendence  of  British  officers  well  qualified  for  perform- 
ing a  task  of  that  kind.  Lieut.-Col.  William  Lambton,  F.R.S. 
of  the  33d  reg.  of  foot,  took  the  opportunity  of  this  survey  to 
measure,  at  different  times,  an  arc  of  the  meridian  from  north 
latitude  8°  9' 38''  to  north  latitude  18^  3'  23-6",  being  an  ampli- 
tude  of  9°  53'  45'',  the  longest  single  arch  that  has  ever  been 
measured  on  the  surface  of  the  globe.  The  fiill  details  of  this 
great  measurement  are  partly  contained  in  the  12th  volume  of 
the  Asiatic  Researches ;  and  will  be  partly  inserted  in  the  13th 
volume  of  that  work,  which  will  not  probably  be  pubUshed  for 
these  three  or  four  years.  Col.  Lambton  has  inserted  an  abstract 
of  the  principal  results  into  a  paper,  which  has  been  pubhshed  in 
the  second  part  of  the  Philosophical  Transactions  for  1818. 
From  that  paper  I  shall  take  a  few  of  the  facts  which  are  most 
likely  to  be  generally  interesting  to  European  readers. 

1.  The  mean  length  of  a  degree  due  to  latitude  9° 

24'  44"  in  fathoms,  is 60472-83 

The  mean  length  of  ditto  due  to  lat.  12«  2'  55'',  is . .  60487-56 
The  mean  length  of  ditto  due  to  lat.  16°  34'  42",  is  60512-78 

Thus  we  see  that  these  measurements  show  the  degree  length- 
ening as  we  advance  towards  the  pole.  In  this  respect,  they 
agree  with  all  preceding  observations,  which  demonstrate  that 
the  polar  axis  of  the  earth  is  shorter  than  the  equatorial. 

2.  Col.  Lambton  has  shown  by  a  comparison  of  his  measure- 
ments with  the  length  of  a  degree  as  determined  in  France,  in 
England,  and  in  Sweden,  that  the  compression  s^t  the  poles 
amounts  to  -^^  of  the  length  of  the  axis. 

VoL.Xni.N^IIL  P 
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The  comparison  of  the  Indian  measurement  wilJi  ibe  French 
measurement,  ^ves  8^1.1^  for  the  compression. 

The  companson  of  the  Indian  measurement  with  the  Enj^ish 
measurement  gives  TrTT-yr- 

While  the  comparison  of  the  Indian  with  the  Swedish  mea- 
surement gives  nfTrf^TT  ^^^  ^^  compression. 

The  mean  of  these  three  comparisons  gives  3^^.^^,  or  ahnoit 
.j4^  for  the  compression  at  the  poles. 

3.  From  the  preceding  compression  of  ^4-^,  Col.  Lambtonliss 
calculated  the  length  of  a  degree  of  latitude  from  the  equator  to 
the  pole.  The  foOowing  table  exhibits  the  result  of  this  calcu- 
lation. The  last  column  of  the  table  gives  the  length  of  the 
degree  of  longitude  at  the  latitude  indicated  in  the  first  colaaui 
of  the  table. 


Lat. 

D^rees  on  the  meri- 
diao« 

Degrees  on  the  perpen- 
dicular. 

Degrees  of  longitnde. 

0 

60459-2 

60848-0 

60848-0 

3 

60460-8 

60848-4 

60766-0 

6 

60465-6 

60850-1 

60616-8 

9 

60473-6 

60862-8 

60103-6 

12 

60484-5   - 

60866-6 

69626-7 

16 

60498-4 

60861-1 

68787-3 

18 

60515-1 

60866-7 

57887-7 

21 

60534-3 

60873-2 

56830-0 

24 

60656-0 

60880-5 

66628-1 

,   27 

60679-8 

60888-6 

64252-0 

30 

60605-6 

60897-1 

62738-4 

33 

60632-7 

60906-2 

61080-2 

36 

60661-3 

60915-8 

49281-9 

39 

60690-8 

60926-7 

47348-2 

42 

60721-3 

60936-7 

46284-0 

46 

60751-8 

60946-1 

43096-4 

48 

60782-3 

60956-4 

40787-8 

51 

60812-5 

60966-5 

38367-6 

64 

60842-1 

60976-5 

36841-1 

67 

60870-7 

60986-1 

33215-4 

60 

60898-0 

60995-2 

30497-6 

63 

60923-7 

61003-8 

27695-2 

66 

60947-5 

61011-8 

24816-7 

69 

60969-1 

61018-9   • 

21867-2 

72 

60988-3 

61025-6 

18857-9 

76 

61006-1 

61031-0 

16796-0 

78 

61018'9 

61035-8 

12690-1 

81 

61029-9 

61039-5 

9648-7 

M 

61037-8 

61042-1 

6380-6 

87 

61042-6 

61043-7 

3194-8 

90 

61044-3 

61044-3 

■  1 1  II. 

I 
I 


1419.11  Sciei^ifU  IntelHgence.  99T 

4.  From  this  table  it  appears^  that  the  length  of  a  degree  of 

latitude  at  the  poles  is 68*704  Ekiglisa  ndlea 

At  lat.  45° 69-030 

At  lat.  61^ 69-105 

At  lat.  90^ 69-368 

So  that  the  mean  ]ength  and  degree  of  latitude  is  almost 
exactly  69  miles  and  -^i^h  of  a  mile*  Of  consequence,  the  com* 
mon  estimate  of  69  miles  and  a  half  to  a  degree  is  very  eiTO« 
neous. 

V.  Protoxide  of  Copper. 

About  two  years  ago,  I  received  fromMr.Mushet,  of  theMiot, 
part  of  a  mass  of  copper,  which  had  been  for  a  considerabla 
time  exjposed  to  heat  in  one  of  the  melting  furnaces  at  the  Mint, 
of  which  he  has  the  superintendence.  The  copper  was  changed 
into  a  red,  granular,  brittle  mass,  very  similar  m  appearance  to 
red  copper  ore.  Grains  of  copper  were  interspersed  through  it 
in  very  small  quantit}^.  On  reducing  a  portion  of  the  specmien 
to  powder,  and  pourinfi;  muriatic  acid  over  it  in  a  retort,  I  very 
speedily  obtainea  a  dark  coloured  opaque  solution,  quite  similar 
to  what  is  obtained  when  muriatic  acid  is  poured  upon  a  mixtifire 
of  equal  weights  of  fine  powdered  copper  and  black  oxide  of 
copper.  This  solution  is  known  to  consist  of  protoxide  of  cop* 
per  dissolved  in  muriatic  acid.  When  dropped  into  water,  a 
white  powder  falls,  consisting  of  protohydrate  of  copper.  When 
dropped  into  a  solution  of  potash,  a  yellow-colourea  precipitate 
falls,  which  consists  of  protoxide  of  copper.  The  muriatic  acid 
solution  of  Mr.  Mushet's  specimen  exhibited  exactly  these 
appearances,  and  proved  to  be  a  pure  solution  of  protoxide  of 
copper  in  muriatic  acid.  Here  then  we  have  an  instance  of 
copper  converted  by  heat  into  protoxide.  It  is  the  first  example 
of  the  kind  which  I  have  yet  met  with ;  and  on  that  account 
deserves  the  particular  attention  of  chemists.  All  such  accidental 
conversions  of  metals  into  unusual  oxides  ought  to  be  carefully 
recorded. 

I  made  an  analysis  of  a  portion  of  this  curious  specimen, 
which  is  not,  however,  to  be  considered  as  rigidly  exact ;  for  a 
very  accurate  numerical  statement  of  such  a  mixture  does  not 
seem  to  lead  to  any  veiy  useful  consequence.  I  found  the  con- 
stituents of  100  gr.  of  the  specimen  as  follows  : 

Protoxide  of  copper • 43-8 

Protoxide  of  iron. 26-2 

SUica  (not  quite  free  from  iron  and  copper) 30-0 

100-0 

*^*  The  mass  of  copper,  above-mentioned,  was  obtained 
from  the  bottom  of  a  fimiace  used  for  the  melting  of  cooper. 
The  bottom  of  the  furnace  is  from  9   to    12  mc\v^%  ^^^ 

p2 
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formed  with  a  rouud  grained  sand,  such  as  glass  grladers  use. 
This  mass  of  sand  vitrifies,  and  becomes  extremely  hard^  but 
porous ;  so  that  in  the  melting  of  copper,  grains  ot  the  metal 
will  insert  themselves.  The  great  proportion,  however,  in  the 
mass,  exists  in  a  state  of  oxide  ;  and  by  the  continued  use  of  the 
furnace,  the  greater  proportion  of  the  sand  wiU  be  regularly 
converted  into  a  red  coloured  copper  ore.  In  the  instance  in 
question,  the  mass  of  sand  converted  into  this  red  coloured  ore 
exceeded  six  inches.  R.  M. 

VI.  Fall  of  Stones  from  the  Atmosphere, 

Among  the  very  minute  historical  details  of  the  falls  of  stony 
bodies  from  the  atmosphere,  from  the  earliest  ages  down  Xjo  our 
own  time,  which  have  been  successively  published  by  Dr.  Chlad- 
ni,  I  do  not  find  the  following.  The  attention  of  meteorolo- 
gists has  been  drawn  to  it  by  Sig.  Domenico  PaoH,  in  a  letter 
published  in  Brugnatelli's  Journal  for  July  and  August,  1818. 
The  passage  quoted  is  taken  from  the  fifth  chapter  of  the  first 
book  of  a  work  published  by  Caraillo  Leonardi,  in  the  year  1502. 
The  title  of  the  book  is  Speculum  Lapidum.  Leonardi  was  an 
inhabitant  of  Pesaro,  in  Italy,  where  his  book  was  published. 
The  passage  is  as  follows : 

"  Et  non  solum  in  locis  his  dictis  lapides  generantur,  verum 
etiam  et  in  acre,  sicut  habetur  a  philosophis,  et  maxime  ab 
illo  summo  philosopho,  ac  nostris  temporibus  monarca,  pre- 
ceptors meo  Domino  Gaetano  de  Fienis,  in  comento  metau- 
rorum,  in  fine  secundi  tractatus  libri  tertii,  qui  dicit:  Lapides 
generari  possunt  in  aere,  cum  exhalatio  habet  partes  grossas 
terreas  admixtas  cum  humiditate  grossa  viscosa.     Et  resolutis 

[)aitibus  magis  subtilibus,  et  terrestribus  condensatis  a  calido,  fit 
apis,  qui  ratione  suse  gravitatis  ad  terram  descendit.  Nostris 
temporibus,  in  partibus  Lombardise  lapis  magna)  quantitatis  ex 
nubibus  cecidit." 

VII.  Blue  Glass  from  Iran, 

It  is  pret^  well  known  that  the  ancients  were  acquainted  with 
a  method  of  giving  a  fine  blue  colour  to  glass  by  means  of  iron. 
This  method  has  been  lost,  probably  because  cobalt,  the  tinging 
substance  used  by  the  moderns,  is  much  easier  and  much  more 
certain  of  answenng  the  object  intended.  Iron,  however,  if  we 
are  to  judge  from  ultramarine,  which  owes  its  blue  colour  to  iron, 
is  capable  of  communicating  a  more  beautiful  colour  to  glass 
than  cobalt ;  besides,  cobalt  is  a  very  scarce  metal,  and  sells  at 
a  high  price  ;  while  ivoxt  is  the  most  abundant  and  the  cheapest 
of  all  known  metals.  On  these  accounts,  it  would  be  an  object 
of  considerable  interest  to  painters,  glass  makers,  and  potters,  if 
the  ancient  art  could  be  again  recovered.  M.  Pagot  Descharmes 
has  made  a  number  of  trials,  and  has  made  known  the  results 
which  he  obtained  in  a  paper  published  in  the  Journal  de  Physique, 
for  July,    1818.    From    the  imperfect  experiments  which  W 
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describes  inthis  paper,  I  am  tempted  to  suspect  that  the  chloride 
of'  irdn  is  the  substance  possessed  of  this  desirable  property. 
Probably  successful  results  might  be  obtained  by  adding  chloride 
of  iron  to  glass  already  in  fusion.  It  would  be  an  object  worth 
the  while  of  our  Staffordshire  potters  to  try  the  properties  of 
chloride  of  iron  and  some  other  metallic  chlorides  as  paints,  either 
mixed  with  glass  in  the  proportions  that  suited  best,  or  perhaps 
mixed  with  their  common  enamels.  There  is  every  reason  to 
expect  that  these  chlorides  would  communicate  colours  different 
from  the  oxides  of  the  same  metals.  If  colours  could  be  made 
from  them  for  the  use  of  the  painters  by  uniting  them  with  silica, 
as  is  the  case  wit}i  ultramarine,  such  colours  would  be  much 
more  valuable  than  those  at  present  in  use ;  because  they  would 
not  be  Uable  to  undergo  alterations  from  the  action  of  the  atmo- 
sphere, or  the  hght  of  the  sun.  Our  painters  at  present  make 
use  of  colours  possessed  of  so  httle  permanency  that  the  picture 
is  scarcely  calculated  to  outUve  the  artist. 

VIIL  Fusion  of  Platinum, 

It  is  said  that  M.  Prechtel,  Director  of  the  Polytechnical  In- 
stitute at  Vienna,  has  succeeded  in  fusing  platinum  by  means  of 
a  very  violent  heat  in  very  refractory  crucibles.  The  greatest 
degree  of  heat  which  he  has  produced  may  be  estimated  at  180** 
Wedgewood.  When  platinum  is  thus  fused,  its  specific  gravity 
is  reduced  to  17^.  It  may  be  scratched  by  a  knife.  It  may  hie 
readily  beat  out  under  the  blows  of  the  hammer,  and  may  be 
easily  divided  by  the  saw,  like  copper.  When  heated  to  reaness 
and  struck  with  a  hammer,  it  scales  off,  and  exhibits,  a  granular 
fracture,  similar  to  that  of  cast-iron.  This  leads  to  the  opinion 
that  the  platinum  crystallizes  during  its  solidification.  Crude 
platinom  aoes  not  fuse  at  so  low  a  heat  as  pure  platinum.-r(Gil<- 
bert's  Annalen,  Jan.  1818.) 

IX.  Formation  of  the  Vegetable  Epidermis. 

Grew  and  Malpighi  were  of  opinion  that  the  epidermis  of 
plants  is  merely  a  scurf  formed  upon  the  parenchyma  of  the  bark 
by  the  action  of  the  air.    Mirbel  has  lately  supported  the  same 
doctrine,  and  endeavoured  to  obviate  the  objections  that  natur 
rally  rise  in  one's  mind  when  such  an  opinion  is  advanced.     But 
Mr.  Keith  has  shown  that  some  of  the  most  formidable  objec- 
tions of  all  have  not  been  noticed  by  him.     If  the  vegetable 
epidermis  were  merely  the  result  of  the  action  of  the  air  upon 
the  parenchyma,  it  would  follow  that  the  epidermis  would  never 
be  formed  till  the  part  were  actually  exposed  to  the  action  of 
the  air.     But  this  is  not  the  case.   If  we  strip  a  rose  bud,  or  any    . 
odier  flower  bud  of  its  covering,  we  shall  find  that  every  petal  is 
covered  with  just  as  perfect  an  epidermis  as  those  parts  of  the 
plant  which  have  been  exposed  to  the  air.   When  the  epidermis 
of  the  leaves  or  petals  is  rubbed  off,  it  is  never  renewed.  V^Vjea 
the  epidermis  of  the  stems  of  woody  plants  is  lubYiedi  oS,  *\\.Ha 
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r«^newed  more  speedily  and  more  perfectly  when  the  part  is 
covered  up  from  the  action  of  the  air  than  when  it  is  exposed  to 
that  action,  lliese  facts,  stated  by  Mr.  Keith^^eem  to  leave  lo 
doubt  that  the  use  of  the  epidermis  in  plants  is  the  very  same  as 
m  animals :  that  it  is  formed  for  the  express  purpose  of  protecting 
.  the  parts  below  it,  and  that  the  analogy  between  the  animal  ana 
vegetable  epidermis  is  complete. — (Limuean  Trans,  xii.  6.) 

X.  Method  of  procuring  Meconic  Acid, 

The  infusion  of  opium,  from  which  the  moiphia  had  been  pre- 
cipitated by  means  of  ammonia,  was  evaporated  to  the  consist- 
Bnce  of  a  syrup,  and  left  in  a  state  of  rest ;  but  no  crystals 
would  form  in  it.*  It  was  then  diluted  with  16  ounces  of  water, 
and  mixed  with  one  ounce  of  caustic  ammonia.  As  no  precipi- 
tate appeared  after  the  interval  of  an  hour,  the  Uquid  was  heated 
to  drive  off  the  excess  of  ammonia.  When  heated  to  the  tem- 
perature of  122^,  it  became  muddy,  and  15^  gr.  of  impure 
morphia  were  precipitated . 

Tne  liquid  being  freed  from  this  precipitate  and  from  the 
excess  of  ammonia,  muriate  of  baiytes  was  poured  into  it  as  lon^ 
fls  any  precipitate  fell.  The  precipitate,  being  collected  and 
dried,  weighed  seyen  drams,  and  was  Serturner's  meconate  of 
barytes.  To  obtain  the  meconic  acid  from  this  salt,  M.  Chou- 
lant  triturated  it  in  a  mortar,  with  its  own  weight  of  glassy 
boracic  acid.  This  mixture  being  put  into  a  small  glass  flask, 
which  was  sunoimded  with  sand  in  a  sand  pot  in  the  usual  man- 
ner, and  the  heat  being  gradually  raised,  the  meconic  acid 
sublimed  in  the  state  of  fine  white  scales,  or  plates. 

XI.  Properties  of  Meconic  Acid. 

It  has  a  strong  sour  taste,  which  leaves  behind  it  an  impres- 
sion of  bitterness. 

It  dissolves  readily  in  water,  alcohol,  and  ether.  . 

It  reddens  the  greater  number  of  vegetable  blues,  and  changes 
the  solutions  of  iron  to  a  cherry-red  colour.  When  these  sdu- 
itions  are  heated,  the  iron  is  precipitated  in  the  state  of  protoxide. 

The  meconiates,  efxamined  by  Choulant,  are  the  following : 

(1.)  Meconiate  of  Potash. — It  crystallizes  in  four-sided  tsSles, 
-is  soluble  m  twice  its  weight  of  water,  and  is  composed  of 

Meconic  acid 27    2-7 

Potash 60 6-0 

Water 13 

100 
.   It  is  destroyed  by  heat. 
.(2.)  Meconiate  of  Soda. — Crystallizes  in  soft  prisms.     SoUbk 
\a  five  times  its  weight  of  water.    Seems  to  effloresce.    pec(MBf 
posed  by  heat.    Its  constituents  are, 

«  |k«  tbe  aQtieei  on  Morf  hia  in  tht  lait  Nnoiber,  p.  16^ 
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Acid 32   3-2 

Soda 40  ••...  4-0 

Water 28 

100 

t 

(3.)  Meconiate  of  Ammonia. — Crystallizes  in  star^formnoedtefly 
which,  when  sublimed,  lose  their  water  of  crystallization^  woA 
assume  the  shape  of  scales.  The  crystals  are  solabld  in  \^  their 
weight  of  water,  and  are  composed  of 

Acid 40   2*024 

Ammonia 42 2*126 

Water 18 

100 

If  two  parts  of  sal  ammoniac  be  triturated  with  three  parts  of 
meconiate  of  barytes,  and  heat  be  applied  to  the  mixture^  meco- 
niate  of  ammonia  is  sublimed,  and  muriate  of  barytes  remains. 

(4.)  Meconiate  of  Lime. — Crystallizes  in  fmsms.  Soluble  ia 
eight  times  its  weight  of  water.     Its  constituents  are. 

Acid 34   2-934 

Lime 42 3^625 

Water 24 

100 

Choulant  not  having  succeeded  in  obtaining  Hiecomattt  cf 
barytes  in  ciystals,  did  not  attempt  to  analyze  it. 

XII.  On  the  Equivatent  Number  for  Mecomc  Acid. 

The  numbers  annexed  to  the  analyses  of  Choidant^  reprenni 
the  ec^uivalent  numbers  for  the  bases  and  meconic  acid  m  each 
analysis.  We  see  from  them  that  the  results  obtained  bjr  this 
chemist  are  far  from  correct ;  for  the  equivalent  uuiaber  ibr 
meconic  acid  varies  in  each  smalysis.  Tnese  nmsber^  m9  aia 
R>]Iows :  , 

From  meconate  of  potash 2-700 

soda 3-200 

ammonia 2*(^ 

hme 2-984 

The  mean  deduced  from  these  four  salts  gives  us  2-714  fbt 
the  weight  of  an  atom  of  meconic  acid.  The  number  2*75^ 
therefore,  may  be  considered  as  an  ap[»roximation ;  but  probably 
aot  a  very  near  one.  2*75  represents  the  weight  of  an  atom  gS 
(carbonic  acid.  But  it  would  be  premature  to  speculate  on  this 
lubject  till  we  are  in  possession  of  more  accurate  analyses  of  the 
meconiates. 
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XIII.  Celestine  from  Fossa,  in  the  Tyrol. 

Celestine^  or  sulphate  of  strontian,  was  first  discovered  in  the 
neighbourhood  of  Bristol ;  afterwards  in  Pennsylvania ;  then  in 
Sicfly ;  and  more  lately  in  different  parts  of  Germany,  France, 
and  England.  Dr.  Rodolph  Brande  has  pubhshed  a  very  elabo- 
rate andysis  of  the  variety  of  this  mineral,  which  occurs  at  Fassa, 
in  the  Tyrol. 

Its  colour  is  yellowish  white. 
The  fracture  radiated,  with  a  threefold  cleavage. 
Lustre,  pearly,  approaching  vitreous. 
Translucent  in  the  edges. 
Specific  gravity,  3*769. 

According  to  the  analysis  of  Dr.  Brande  its  constituents  areas 
follow^ : 

Sulphate  of  strontian 92-1464 

Sulphate  of  lime 1*3333 

Sulphate  of  barytes 1-8750 

Caroonate  of  strontian 1-6470 

Carbonate  of  lime ,    0-5000 

Silica 1-0000 

Oxide  of  iron 0^5000 

99-0007 
(Scbweigger's  Journ.  xxi.  177.) 

XIV.  Wodanitim. 

In  our  number  for  January,  we  announced  the  discovery  of  a 
new  metal  by  Lampadius,  which  he  has  distinguished  by  the  name 
of  Wodanium  :  we  shall  now  translate  the  account  of  this  new 
metal  which  Lampadius  has  himself  published. 

"  Our  venerable  mine  superintendent,  Von  Trebra,  has  had  in 
his  possession  for  several  years  a  metaUic  mineral  from  Topschau, 
in  Hungary,  under  the  name  of  a  cobalt  ore.  But  as  it  gives  no 
blue  colour,  I  got  it  from  him  in  order  to  make  some  further 
trials  on  it.  I  could  detect  in  it  no  cobalt ;  but  found  in  it 
20  per  cent,  of  a  new  metal  united  with  sulphur,  arsenic,  iron, 
and  nickel. 

"  This  metal  has  a  bronze  yellow  colour,  similar  to  that  of 
cobalt  glance  ;  and  its  specific  gravity  is  11-470. 

"  It  IS  malleable  ;  its  fracture  is  hackly ;  it  has  the  hardness 
of  fluor  spar ;  and  is  strongly  attracted  by  the  magnet. 

"  It  is  not  tarnished  by  exposure  to  the  atmosphere  at  the 
common  temperature  ;  but  when  heated,  it  is  converted  into  a 
black  oxide. 

"  The  solution  of  this  metal  in  acids  is  colourless  ;  or  at  least 
has  only  a  slight  wine-yellow  tinge.  Its  hydrated  carbonate  is 
likewise  white.  The  hydrate  of  it  precipitated  by  caustic 
ammonia  is  indigo  blue. 
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**  Neither  the  alkaline  phosphates  nor  arseniates  occasion  any ' 
precipitate,  when  dropped  into  a  saturated  solution  of  this  metal 
in  an  acid  :  neither  is  any  precipitate  produced  by  the  infusion  of 
nutgalls.  A  plate  of  zinc  throws  down  a  black  metallic  powder 
from  the  solution  of  this  metal  in  mmdatic  acid.  Prussiate  of 
potash  throws  down  a  pearl-^ey  precipitate,  &c. 

"^^  Nitric  acid  dissolves  with  facility  both  the  metal  and  its 
oxide,  and  the  solution  yields  colourless  needle-form  crystals, 
which  readily  dissolve  in  water. 

"  As  the  names  of  the  planets  have  been  already  all  Applied  to 
newly  discovered  metals,  I  have,  in  imitation  of  Berzehus,  had 
recourse  to  the  old  German  mythology,  and  give  the  metal  the 
provisional  name  of  Wodarij  or  Wodanium,  My  worthy  friend 
Breithaupt  classes  the  mineral  that  contains  this  new  metal 
among  the  pyrites,  and  gives  it  the  name  of  Wodan  pyrites 
{Wodan-kies).  He  gives  the  following  description  of  this 
mineral. 

'^  Wodan  pyrites  has  the  metallic  lustre,  and  is  shining  or  glis- 
tening. 

"  Its  colour  is  dark  tin-white,  passing  into  grey,  or  into  brown, 

'^  Hitherto  it  has  occurred  only  massive ;  and  in  that  state  it 
is  full  of  cavities. 

"  The  fracture  is  uneven,  and  either  small  or  great  granular. 
Fragments  indeterminate  angular,  with  edges  not  peculiarly 
shaip. 

Harder  than  fluor  spar ;  but  softer  than  apatite. 
Brittle.     Easily  frangible. 
Specific  gravity,  5'192.'' 

Lampadius  informs  us,  in  the  letter  of  which  the  preceding 
paragraphs  contain  the  translation,  that  he  intends  to  publish  a 
tull  account  of  the  new  metal  and  its  ore  in  the  Transactions  of 
the  Mineralogical  Society  of  Dresden. — (Gilbert's  Annalen  de 
Physik,  k.  99,  for  September,  1818.) 

XV.  Potters'  Clay. 

Near  the  Halkin  Hills,  in  Flintshire,  and  within  four  miles 
of  the  sea,  some  miners  discovered,  about  two  years  ago,  a 
vast  bed,  of  a  substance  said  to  be  adapted  for  the  manufactur- 
ing of  earthen  ware  without  the  addition  of  any  other  material. 
It  lies  immediatelyunder  a  stiff  red  clay,  and  coals  abound  in  the 
neighbourhood.  The  miners  and  Mr.  Bishop,  of  Stafford,  have 
taken  a  lease  of  the  ground  from  the  proprietor.  Lord  Grosvenor. 

A  specimen  of  the  substance  has  been  brought  to  London,  but 
has  not  yet  been  analyzed.  A  more  full  account  of  it  will  pro- 
bably be  given  in  a  future  number. 

Near  the  same  place  also  has  been  found  a  hollow  siliceous 
rock,  abounding  in  organic  impressions,  which  has  been  sup- 
posed likely  to  become  a  substitute  for  burrstone,  but  it  appears 
to  be  too  brittle  for  this  purpose. 

7 


334 


SdeiUifie  InteUigenee. 


[MabM, 


'XVI.  Meteorological  Table.  Extracted  from  the  Register  kept 
at  Kinfaum  Castle,  N.  Britain.  Lat.  66®  23'  30'^  Alme 
the  Level  of  the  Sea  129  feet. 


1818. 


Jab 

Feb , 

March  ....  . 
April 

>6y 

June 

July 

Aug. 

Sept , 

Oct 

Ko¥ 

mJCCm   ■••••••• 

Aver,  of  Tear 


Momiog,  8  o'clock. 
MeoM  hHgki  of 


Barom.       Ther. 


8d-447 
29-464 
29-302 
29-732 
29-867 
89-869 
29-912 
29-960 
29-628 
29-7 1 1 
29  681 
29-908 

29-706 


36-970 
34-321 

35-419 
39-333 
49-290 
57*430 
59-774 
55-709 
52-136 
51-032 
46-100 
38-451 


46-330 


Even.,  lOo^cIuck, 
Mean  height  0/ 


Barom.     Ther. 


29-457 
29-453 
29-343 
29-733 
29-858 
29-839 
29-905 
29-942 
29-611 
29-709 
29-681 
29-917 


29-703 


35-322 
34-643 
36-193 
38*833 
48*486 
55-900 
58161 
54-548 
50*466 
60-193 
47-100 
38-419 


45*688 


Mean 
temp, 
by 
S\x'i 
Ther. 


I 


37*129 
35-857 
37-516 
41-266 
52*613 
59-033 
60-355 
56*903 
53*100 
52-387 
47-500 
39-226 


47-740 


Depth 

of 
Rain. 


In.  100 


2*45 

0-86 
1-62 
1-03 
V87 
1-34 
3*20 
0-70 
1-99 
1-40 
S-22 
1*41 


So,  of  dajs. 


Kafu 

or 

Snow. 


19-8* 


28 
U 
18 

7 
15 
10 
15 

T 
14 
12 
17 

9 


Fw 


9 
14 

13 
23 
II 


16 
24 
16 
19 
IS 
28 


160 


1805 


Bahomkter. 
Cbttrmitions,  Wind. 

Highest,  April  3  ....  N  W  . 
Lovesty  Marcb  5 S  W  . 


ANNUAL  RESULTS. 

MORNING. 

Thermometer  . 

Wind. 

30-60    July  17    S      ....  69» 

2812    JulySaiKl4 W     ....  21* 


Highest,  Aprtl    2 
liftwest,  March  4 


.  •  • » 


EVENING. 

NW....  30-58  1  July  16 W 

E     . . . .  28-44  I  Feb.  22 W 


66» 

19» 


Fait 205 

RalttorSnow 160 

365 


Wind.  Time, 

N  and  NE 19 

E  and  S  E    132 

S  and  S  W    93 

W  and  N  W 121 


Extreme  Cold  and  Heat^  b^  Six^e  I^ermonuter. 

Coldest,  February  5,  Wind  W 17* 

Hottest,  June  1 1  and  12,  Wind  W 77 

Mean  temperatnrc  for  1818 47*740<» 

Res^t  of  three  Rain  Qamgee.  In.  lOA 

No.  I.  On  a  cooieal  detached  hill  above  the  level  of  the  sea  600  feet. .. .  31-16 

Now  2.  Centreof  the  garden,  20  feet 28*07 

}lo.  Sw  Kinfaans  Castle^  129  feet  19*89 

Xeani^  the  .three  gaoges • 2$*SI^ 

XVII.  Register  of  the  Weather  at  New  Malton,  in  Yorkshire. 

Sept. — Mean  preseure  of  barometer^  29*580;  max.  30*10; 
min.  29*05 ;  range^  1*05  in. ;  spaces  described  by  the  curve, 
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38  in. ;  number  of  changes,  13. — ^Mean  temperature,  56*080°; 
dLX.  73'';  min.  39°;  range,  34°. — Amoimt  of  rain,  3*24  in. 
'et  days,  13.  Prevailing  winds,  S.  and  W.  N.  1 ;  N.E,  1 ; 
.  2;  S.E.  6;  S.  8;  S.W.  4;  W.  2;  N.W.  6;  var.  1 ;  brisk 
nds,  7 ;  boisterous,  4. 

Oct. — Mean  pressure  of  barometer,  29*640;  max.  30*12; 
in.  28*99;  range,  1*13  in.;  spaces  described  by  the  curve, 
55in. ;  number  of  changes,  lo.— Mean  temperature,  62*300°; 
ax.  65°;  min.  39°^  range,  26°. — Amount  of  rain,  2*37  in. 
et  days,  9.     Prevaihng  wind,   S.    N.E.  2;    E.  5:  S.E.  4; 

12  ;  S.W.  4 ;  W.  3  ;  IV.W.  1 ;  brisk  winds,  4;  boisterous,  1. 
Nov. — Mean  pressure  of  barometer,  29*596;  max.  30*10; 
in.  29*10;  range,  1*00  in.;  spaces  described  by  the  curve, 
68  in. ;  number  of  changes,  12. — Mean  temperature,  46*766° ; 
ax.  57**;  min,  34°;  range,  23°. — Amount  of  rain,  3*10  in. 
'^et  days,  10  ;  brisk  winds,  1 ;  boisterous,  1.  Prevaihng  winds, 
N.2;N.E.3;E.  1;  S.E.9;  S.  4 ;  S.W.8:  W.2;  var.  L 
D^r.— Mean  pressure  of  barometer,  29*860 ;  max.  30*41 ; 
in.  29*10;  range,  1*31  in;  spaces  described  by  the  curve, 
45  in. ;  niunber  of  changes,  1 6. — Mean  temperature,  35*903^; 
ax.  55^;  min.  24°;  range,  31°. — Amount  of  rain,  1*00  in.; 
^et  days,  5.  Winds,  var.  N.  8  ;  S.E.  4  ;  S.  3  ;  S.W.  7  ; 
(^.  6;  N.W.  3  ;  boisterous  winds,  1. 

For  the  Year^  1818. — Mean  pressure  of  barometer,  29*647  ; 
lax.  30*49  ;  min.  27*85  ;  range,  2*64  in. ;  spaces  described  by 
le  curve,  79*00  in.;  number  of  changes,  177. — Mean  temper* 
fcure,  48*284° ;  max.  88° ;  min.  23° ;  range,  65'"'.— Amount  of 
un,  32*47  in. ;  wet  days,  103  ;  snowy,  23 ;  haily,  1 .  Winds, 
.W.  and  W.  N.  46;  E.  33;  N.E.  26;  S.E.  39;  S.  56i 
i.W.  84 ;  W.  50 ;  N.W.  15 ;  var.  14 ;  brisk  winds,  65 ;  bois- 
2rous,  27. 

New  Malton^  Jan.  7,  1819.  J^  S. 

XVIII.  Death  of  Professor  Luigi  Brugnatellf* 

Professor  Luigi  BrugnateUi  was  bom  in  Pavia,  in  1761.  He 
ras  appointed  assistant  to  Prof.  ScopoH,  in  1787,  and  succeeded 
im  as  Professor  of  Chemistry  in  the  University  of  Pavia,  in 
796,  which  situation  he  held  till  his  death  on  the  24th  of  OcU 
818.  He  was  not  the  editor  of  the  Giornale  di  Fisica,  which 
I  conducted  by  Dr.  Gaspar  BrugnateUi. 


236 


Colonel  Beaiifoy*s  Magndieal, 


rMAR< 


Article   XIII. 

Magneticaly  and  Meteorological  Observations, 
By  Col,  Beaufoy,  F.R.S. 

Busheif  Heathy  near  Stanmore, 

Latitude  SP  37'  42''  North.    Longitade  West  in  time  V  20*7''. 


Magnetical  Observations,  1819.  —  Variation   West. 


Moroing  Observ. 

Noon  Obscrr. 

• 

Evening  Obserr, 

Mootli. 

Hour. 

Variation. 

Hoar. 

Variation. 

Hour. 

Variation 

Ju.     1 

8h  45' 

240  37/    55'/ 

b 

/ 

0  t 

t 

• 

•a 

2 

8    45 

24    35    48 

15 

24    38 

SO 

0) 

s 

3 

8     4U 

24    37     18 

20 

24    40 

44 

a 

4 

8    45 

24    39    ^6 

55 

24    40 

50 

a 

0          1 

5 

8    45 

24    41     00 

15 

24    41 

17 

(A                  1 

6 

8    50 

24    38     10 

20 

24    41 

52 

'5 

J 

7 

8    35 

24    36    45 

20 

24    40 

59 

a 

0 

8 

8    45 

24    34    43 

10 

24    41 

28 

V* 

0^ 

9 

8    50 

24    34    29 

55 

24    39 

56 

C3 

> 

10 

8    40 

24    35    27 

20 

24    40 

08 

s     1 

11 

8    40 

24    34    57 

15 

24    40 

54 

e 

12 

8    40 

24    35    24 

S:0 

24    41 

25 

bfi 

13 

8     35 

24    35    47 

1 

10 

24    40 

55 

B 

14 

8    50 

24    36    33 

1 
m 

15 

24    40 

15 

'5 

15 

8    40 

24    35     15 

15 

24    38 

58 

> 

16 

8    40 

24    35     57 

15 

24    37 

50 

17 

8    45 

24    35    50 

20 

24    38 

11 

9-* 

18 

8    45 

24    32    20 

55 

24    33 

56 

•W 

19 

8    40 

24    31     59 

35 

24    37 

14 

.a 

20 

8    40 

24    35    38 

20 

24    38 

55 

U^ 

21 

8    30 

21    34    22 

20 

24    37 

08 

0 

22 

8    35 

24    34    36 

15 

24    40 

17 

s 

^ 

8    40 

24    34    06 

20 

24    40 

46 

B 

24 

8    35 

24    35    21 

15 

24    41 

46 

0 

25 

8    35 

24    36    39 

_- 

— . 

— . 

_- 

JS 
en 

26 

8    40 

24    35    69 

15 

24    40 

42 

it 

27 

8    45 

24    36     14 

15 

24    39 

01 

28 

8    45 

24    36    31 

15 

24    41 

10 

0 

29 

8    40 

24    35    36 

20 

24    41 

25 

30 

_    .— 

—    _    .. 

— 

->- 

— —    _— 

~-. 

'i 
0 

31 

8    35 

24      3     45 

10 

24    40 

48 

Mean  fur 

MODtil. 

I  8    41 

24    35    42 

21 

24    39 

64 

On  the  17th  and  18th,  the  wind  was  violent,  accompani) 
with  rain,  and  the  needles  remarkably  unsteady. 
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Meteorological  Observations. 


lonth. 


Jan. 


i 
i 

i 

{ 
{ 

{ 

{ 


9 


10 


11 


12 


13. 


14< 


15< 


18 


{ 


Time. 

Barom. 

Ther. 

Hyg. 

Wind. 

Inches. 

Morn . . , . 

30021 

350 

940 

NNE 

Noon.,.. 

_- 

•m^ 

... 

.... 

Even 

— 

-^ 

.^ 

.i. 

Morn . . . . 

30*000 

34 

79 

SEby  S 

Noon... . 

30-000 

36 

63 

SEby  8 

Even  . . . . 

— 

.. 

.. 

•f 

Morn.. .. 

29-890 

35 

70 

8SE 

Noon..., 

29-819 

39 

67 

8 

Even  . . . . 

— . 

... 

_ 

_ 

Morn 

29-765 

32 

100 

SSE 

Noon... . 

29-700 

38 

74 

8 

Even  . . . . 

-~. 

.. 

w«^ 

.^ 

Morn.... 

29-716 

34 

98 

8E 

Noon.... 

29-716 

39 

80 

8 

Even  . . . . 

— 

— 

... 

.• 

Morn.... 

29-728 

33 

97 

8K 

iNoon.... 

29  683 

40 

68 

SSE 

Even..., 

_- 

.. 

~. 

... 

iMorn.... 

29-420 

38i 

87 

SSE 

Noon.... 

29-287 

42 

61 

SSE 

Even  . . . . 

— . 

— . 

— 

... 

Morn.... 

29-400 

35 

83 

WNW 

Noon..., 

29-423 

39 

58 

SWby  W 

Even  . , . . 

— 

— 

— 

... 

Morn . , . . 

29-123 

44 

66 

ssw 

Noon. ... 

29063 

44 

74 

8SW 

Even  . . . . 

_ 

— . 

~. 

-i.. 

Morn.... 

29.436 

40 

80 

88W 

Noon.... 

29-339 

47 

64 

SSW 

Even  . . . . 

... 

.— 

-^. 

— 

Morn.... 

29-233 

40 

68 

SSW 

Noon,... 

29-304 

44 

54 

Why  8 

Even  . .  • . 

... 

..^ 

.— 

... 

Morn,... 

29-671 

35 

72 

8W 

Noon..., 

29-678 

47 

58 

WSW 

Even  . .  • . 

mm^ 

... 

... 

... 

Morn,... 

29-524 

36 

78 

s 

Noon,... 

29-454 

43 

67 

SW  byS 

Tjven  . . , , 
Morn,,.. 

29-455 

46 

88 

8W 

Noon..., 

29-400 

51 

72 

WSW 

Even  , . . . 

.. 



— 

... 

Morn.... 

29-533, 

39 

86 

WSW 

Noon.... 

29-451 

47 

69 

WbyS 

Even  , , . . 

-.- 

~~ 

«— 

... 

Morn . . , . 

29-749 

35 

58 

WNW 

Noon,... 

29-772 

39 

50 

Wby  N 

Even    . . . 

.i.- 

... 

— 

-i-. 

Morn  . . . . 

29-000 

45 

91 

SW 

Noon.... 

28-871 

45 

55 

WbyS 

tlven  . . . . 

— 

— . 

— 

... 

Morn.... 

28-893 

38 

58 

W 

Noon..., 

29-042 

39 

55 

Wby  N 

Even  . .  • . 

*■■" 

"~* 

"~~ 

Velocity, 


Feet. 


Weather 


Fine 


Clondy 

Cloudy 
Fine 

Very  fine 
Fine 

Gloady 
Clomd*     fcf 

Clondy 

Cloudy 
Cloudy 

Clear 
Very  ftae 

Cloudy 
Stormy 

I 

I  Cloudy 
•Cloudy 

Rain 
.  Very  fine 

Very  fine 
Fine 


Very  fine 
■Cloudy 

;kain 
Rain 

Cloudy 
Sm.  rain 

Very  fine 
Cloudy 

Ratii(  ■torm) 

Stormy 


Stormy 
Sleet 


Sll*!. 

sn 

39 

{29 

38 

J33f 
39 

JSIJ 
39 
39 
40 
32 
41 
35 
42 

39| 
36 

48 
J3T| 

51 
ls9 

44 

48 

33 

464 
^33 

51 
J37i 

48 
I  34 

42 


i 


i 


5  set 

48 
41 


■ 
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Meteorological  Observations  continued. 


MuDth.  I   Tine. 


Jan. 


19 


Moro.. 

Noon.. 

Even . . 
r  jMorn. . 
<  Noon.. 
(.  Even., 


{ 


4 


Morn. . 
Nooo.. 
Even . . 
Morn.. 
Noon.. 
Even . . 
Mom.. 
Noou. . 
Even  . 
Morn.. 
Noon.. 
Even . . 
Moru.. 
Noon. . 
Even . . 
Morii.. 
Noon.. 
Even . . 
Morn.. 
Noon. . 
Even . . 
Morn.. 
Noon.. 
Even • . 
Morn.. 
Noon.. 
Even  . . 
;Morn. . 
Noon.. 
.Even . . 
J  Morn.. 
Sn  [Noon.. 
^JEveu.. 


24. 


85^ 


S6' 


W 


Barom. 


Inches. 
29-304 
29-316 

29080 
29- 110 

28-920 
28-977 

29044 
I  28-943 

29-123 
29167 

29-105 
28-980 

28-971 
28-759 

28-946 
28-954 

28-990 
28  992 

28-990 
28-910 

29059 
29-043 

28-895 
28-860 

29031 
29'0J2 


Ther. 


$50 
40 

34 

39 

34 
40 

34 
42 

S3 
43 

40 
44 

36 
41 

37 
43 

41 
46 

43 
46 

36 
44 

39 


%g. 


539 

49 

73 
50 

68 
48 

95 

80 

78 
54 

94 
69 

72 
86 

93 
73 

97 
80 

8i 
60 

88 
51 

99 
96 


36         96 
39         75 


Wind. 


WbyN 
WNW 

W 
W 

W 

W  bj  N 

ssw 

8by  W 

SSW 

wsw 

ESE 
S£ 

SSE 

s 

s 
ssw 

ESE 
£ 

8E 
8 

Eby  S 
ESE 

E 

ENE 

NNW 
NNW 


Velocity* 


Feet. 


Weather. 


iih%- 


Fine  S^ 

Cloudy       41) 

Cloady    '(^ 
Very  fine!    40) 

Very  fine  (?^ 

Very  fine)   41 

5;: 

46 


Cloudy 
Rain 

[   - 

Very  fine 
Very  fine    4S 


32 


I 

la 

44 

In 

k ' 

Cloud V    ')  ' 
Very  fine!    44 


Foifgy 
Cloudy 

Cloudy 
Rain 


Cloudy 

Cloudy 
Cloudy 

Fine 
{Fine 

Rain. 
Rain 

Cloudy 
Cloudy 


I 


J. 

4T 
^39 

47 
{35 

4T 
{35 

38 
Ub 

40 


Kftiny  by  the  pluviameter,  between  noon  the  1st  of  Jan* 
and  noon  the  1st  of  Feb.  1*906  inch.  The  quantity  that  fell 
on  the  roof  of  my  Observatory,  during  the  same  penod,  2'02*i 
inches.  Evaporation  between  noon  me  1st  of  Jan.  and  noon 
the  Ut  Feb.  1*400  inch. 
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B«o»=r.«. 

TanmoKCTER. 

H,r.  « 

1 

B19. 

Wind. 

M«. 

Min. 

Ued. 

Ma«. 

MlR.  1  Med. 

tUio. 

tMoD. 

ran.  19 

N   W 

29-80 

39-45 

99-625 

44 

33 

3S-5 

66 

19 

> 

20 

W 

29-57 

29-28 

29425 

41 

33 

37-0 

70 

s 

21 

w 

29-52 

29-30 

29-360 

40 

33 

36-0 

^ 

22 

s   w 

29-79 

29-20 

29  460 

49 

31 

:4I-5 

89 

._ 

23 

s   w 

2972 

25-60 

29-660 

45 

33 

39-0 

75 

34 

S     E 

2960 

39-20 

29-400 

47 

36 

41-5 

90 

25 

S      E 

39'43 

39-10 

29-265 

47 

39 

43-0 

74 

36' 

26 

S      £ 

29-46 

89-35 

99-400 

47 

35 

41-0 

83 

0 

37 

E 

29-*4 

39-35 

39-395 

49 

38 

43-5 

S& 

28 

S      E 

29' 52 

29-^^0 

29-410 

50 

31 

40-5 

85 

29 

E 

29-52 

3935 

29-435 

50 

30 

40-0 

97 

3M 

E 

i'9-40 

29- as 

39-340 

43 

33 

37-5 

88 

43 

31 

N  W 

2y'6s 

29-40 

29-510 

42 

'-'5 

33-5 

78 

aMon. 

Feb.    1 

S    W 

29-60 

29-49 

29- 545 

38 

3S 

33-0 

85 



a 

N  W 

2973:^29'« 

29-610 

38 

18 

28-0 

90 



c 

3 

S      E 

29-r3i2y42 

39-575 

41 

35 

33  0 

88 

_ 

-    4 

N  W 

ay8029-47 

29-635 

43 

31 

37-0 

75 

29 

5 

E 

297  s  29-46 

39-620 

47 

35 

41-0 

95 

IS 

6 

W 

29-6129-39 

39-500 

50 

36 

43-0 

85 

17 

7 

N  W 

29-65 '59-35 

29-500 

47 

33 

400 

68 

8 

W 

30-00  29-65 

29-835 

4fi 

34. 

400 

7-2 

9 

s  w 

39-95  29  63 

39-790 

51 

44 

47-5 

85 

37 

10 

N  W 

30  05  29-58 

39-815 

49 

36 

42-5 

^9 

0 

11 

w 

30-03  39-79 

39-910 

51 

34 

42-5 

72 

12 

\v 

a979'29-5oi39-643 

48 

33 

40-5 

69 

13 

N  W 

39-50 

29-62I39-760 

47 

27 

37-0 

64 

U 

14 

N  W 

30-13 

47 

25 

36  0 

64 

15 

S    W 

30-08 

29  7"|29-890 

47 

34 

400 

65 

\6 

S 

3O08 

29-3739-735 

51 

43 

46-5 

59 

10 

30-lsi39-loi29-587 

51 

jL 

39-31 

78 

S-16 

rbe  obwmtloB*  in  each  line  of  the  table  apply  to  a  period  of  tweMy^foHt 
ii»,  begiBnine  at  9  A.  M.  on  the  day  mdicated  io  the  first  colwKi,  A  duh 
lOlei,  that  the  reniU  ii  iocluded  In  the  oeit  following  ntnervation. 
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REMARKS. 

First  JfonM.— 10.  Cirrus  with  Cirracwnulus,  in  Wnts  vtrelchiof  N  and  S :  raio  ii 
the  oi|(ht.    SO.  A  very  fine  day  :  Cirri,  p.  m.  rain  and  wind  in  (benight.  21.  Sligiit 
hoar-frost:    Cirrocumulus,    22.  Fair  day:    rain  and  wind,  evening.     23.  Very 
line.'    24.  Fair:  strong  breeze:  cloudy.    25.  Rain,  a.m.     26.  Fair  day:  lai^ 
CwmiC  appeared,  passing  to  Cumulostratus  with  plumose  Cimabove  :  at  eveniif 
there  were  indications  of  the  Stratus.    The  Nimbus  has  been  frequent  dnriugtlie 
past  week  :  the  wind  generally  moderate  in  the  day,  and  strong  the  fore  part  of 
the  night.    29.  Morning  rather  overcast :  day  fine,  with  the  lighter  modifications 
ranging  (as  frequently  of  late)  in  lines  N  and  S.  About  10,  a.  m.  in  going  to  Londot, 
I  observed  a  solar  halo  of  large  diameter,  imperfect  in  its  superior  and  inferior 
part,  except  a  trace  at  the  vertex,  but  exhibiting,  in  the  points  directly  N  aadS 
of  the  sun,  two  parhelia^  which  continued  with  a  faint  variable  brightness  foraboot 
20  minutes.     SO.  Wet  morning  :  drizzling  most  part  of  the  day  :   wind  S  E,  and 
then  N  £.     31.  Overcast :  rained  a  little,  a.  m. 

Second  Month. — I.  Hoar  frost,  with  Cirri  in  the  sky  pointing  upwards  from  a 
base  :  drizzling  rain  at  night.  2.  Snow  (for  the  first  time  this  season)  contiooiof 
most  part  of  the  forenoon  from  sun-rise :  then,  brilliant  sunshine,  and  frost  at 
night,  with  the  Tbermomet«r  nearly  at  the  minimum  of  the  present  wiofrr. 
3,  Rather  misty  and  overcast,  a.  m. :  wet  evening.  4.  Cloudy  :  fair,  a.  m. :  showers, 
p*m.  5.  Misty,  drizzling.  6.  Very  fine,  with  Cumuli,  &c,  sl.  m, :  lntheafter> 
noon,  a  squall  of  wind,  with  a  few  drops  :  in  the  night  a  gale  followed  by  raio. 
7.  Very  fine.  8.  Fair,  with  Cirrostrmtus  in  parallel  bars  here  and  there,  uoder 
nnifprm  haze:  at  night, a  lunar  halo,  very  large  and  colourless.  0.  Wet  day: 
stortiy  night.  10.  Early  this  morning  it  was  very  tempestuous;  but  the  day  was 
^ne,  with  Cumu/£  carried  by  a  moderate  gale,  and  Cim  scattered  like  loose  bay 
above:  at  night,  with  Cirrostrutus^  a  succession  of  small,  til-formed,  but  biehljr 
coloured  halos.  II.  Fine,  with  Cumulus^  Cirrostrains,  and  winds.  12.  Fioe 
morning,  then  showers  (in  Londou  attended  with  hail),  and  much  wind  at  night 
13.  Fine  morning:  Cumub' capped  with  Cirrostratus :  Nimbi,  p.m.  with  atraosieot 
rainbow.  14.  Slight  hoar  frost  :  fioe,  with  Cumulostratus,  and  a  breeif> 
15.  Fine :  the  ground  was  frozen  this  morning,  and  Cirrocumuius  at  the  same  thsf 
above.     16.  Overcast  morning :  wet  and  windy,  p.m.  and  night. 


RESULTS. 

Winds  Westerly,  except  a  week  about  the  New  Moon,  when  they  were 

East  and  South-East. 

Barometer:  Greatest  height 30*12  inches. 

Least  29*10 

Mean  of  the  period 29*587 

Thermometer :  Greatest  height 61<* 

Least 18 

Mean  of  the  period 39*31 

Mean  of  the  Hygrometer 78 

Evaporation 0*65  in. 

Rain 2*16  inches. 

■  The  •bservations  on  the  Thermometer,  Hygrometer,  nnd  Wind,   wer«  made  a^ 
the  Laboratory. 

ToTTiarBAMy  Second  Months  20,  1819.  L.  HOWARD. 
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Article  L 

Researches  on  the  Measure  of  Tefiweratttres,  and  on  the  Laws  of 
the  Communication  of  Heat.    By  MM.  Dulong  and  Petit. 

Of  Cooling  in  a  Vacuum. 

X  HE  observations  on  the  cooling  in  vacuOy  calculated  ad  before 
explained,  are  all  affected  by  an  error  very  small  indeed,  but 
wnich  it  is  requisite  to  correct.  '  Tbis  error  comes  from  the  small 
quantity  of  .2r  remainm|;  in  the  baUoon,  and  which,  iii  the 
greater  number  of  the  experiments,  amounted  only  to  two  inilh- 
metres. 

This  correction  cannot  be  applied  immediately  to  the  series  of 
temperatures  furnished  by  observation ;  but  it  can  be  easily 
applied  to  the  velocities  of  cooling  obtained  by  calculation.  It 
is  merely  necessary  to  diminish  them  by  a  quantity  corresponding 
to  the  heat  carried  off  by  the  air  remaming  in  the  balloon. 

To  determine  the  amount  of  this  corre^bn  in  each  case,  we 
observed  the  cooling  of  our  thermometer  in  air  of  diffeirent 
degrees  of  density ;  and  we  calculated  for  the  different  excesses 
of  temperature  the  velocities  of  cooling  corresponding  to  each 
diensity.  By  subtracting  from  these  velocities  those  which  take 
place  m  vacuo,  we  obtain  exactly  the  quantities  of  heat  carried 
off  by  the  air  in  its  different  states  of  rarefaction.  We  shall  have 
nearly  accurate  values  of  these  same  Quantities  by  subtracting 
the  yelocities  already  very  near  each  otner,  which  are  g^ven  by 
the  observations  of  coc^skg  in  the  balloon,  when  it  contains  only 
a  very  smuQ  quantity  ofgas. 
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Having  thus  determined  for  each  excess  of  temperature  and 
for  different  densities  the  quantities  of  heat  carriea  off  by  the 
air,  we  observed  that  they  followed  a  simple  law,  by  means  of 
which  we  determined  with  sufficient  precision  the  correction! 
which  the  calculated  velocities  ought  to  undergo.  The  numben, 
therefore,  which  we  shall  give  in  the  subsequent  part  of  this 
chapter,  may  be  considered  as  differing  exceedingly  little  from 
Uiose  which  would  be  obtained  by  makmg  the  expenments  in  an 
absolute  vacuum* 

Let  us  now  proceed  to  the  examination  of  the  different  series 
calculated  ana  corrected,  and  let  us  bejgin  with  that  in  whicli 
the  balloon  was  surrounded  by  melting  ice.  The  thermometer 
preserved  its  natural  vitreous  surface. 

Szceis  of  the  therm,  above  Correspond!  og  yelocitio 

tiie  balloon.  of  cooling. 

240°    10-69*" 

220  8-81 

200  7-40 

180  6-10 

160  4-89                   ] 

140  3-88 

120  3-02 

100  2-30 

80  1-74 

The  first  column  contains  the  excesses  of  temperature  of  tlis 
thermometer  above  the  walls  of  the  balloon ;  that  is  to  say,  the 
temperatures  themselves  since  the  balloon  was  at  0°.  The 
second  column  contains  the  corresponding  velocities  of  coolings 
calculated  and  corrected  by  the  methods  already  pointed  out. 
These  velocities,  as  we  have  already  observed  several  times,  are 
the  number  of  degrees  that  the  thermometer  would  sink  in  a 
minute,  supposing  the  cockling  uniform  during  the  whole  minute. 

This  first  series  shows  clearly  the  inaccuracjr  of  the  law  of 
Richmann ;  for,  according  to  that  law,  the  velocity  of  cooling  at 
200°  should  be  double  that  at  100° ;  whereas  we  find  it  more 
than  triple.  When  we  compare  in  like  manner  the  loss  of  heat 
at  240°  and  at  80°,  we  find  the  first  about  six  times  greater  than 
the  last ;  while,  according  to  the  law  of  Richmann,  it  ought  to 
be  merely  triple. 

Nothing  would  be  easier  than  by  a  formula  composed  of  two 
or  three  terms  to  represent  the  results  contained  in  the  preced- 
ing table,  and  to  obtain  in  this  way  an  empirical  relation  between 
the  temperatures  of  bodies  and  tne  corresponding  velocities  of 
cooling.  But  formulas  of  this  kind,  though  without  doubt  they 
are  useful  when  we  wish  to  interpolate,  are  almost  always  inac- 
curate beyond  the  limits  within  which  the  observations  have  been 
made,  and  never  contribute  to  make  us  acquainted  with  the  laws 
of  the  phenomena  which  we  study. 
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We  have  thought  it  necessary^  therefore,  before  endeavouiing 
to  find  any  law,  to  vary-onr  observations  as  much  as  tiie  natore 
of  the  subject  would  admit ;  and  we  have  been  guided  in  this  by 
9,  remark  relive  to  the  theory  of  radiation,  which,  we  think,  has 
hot  hitherto  been  made  by  any  philosopher. 

In  the  theory  of  the  exchanges  of  heat  which  has  been 
ado)pted,  the  cooling  of  a  body  in  vacuo  is  merely  the  excess  of 
its  radiation  above  that  of  the  surroxmding  bodies.  Therefore, 
if  we  call.  Q  the  temperature  of  the  subs^ce  surrounding  the 
vacuum  in  which  the  body  cools,  and  t  +  6  the  temperature  of 
the  body,  we  shall  have  in  general  forthe  velocity,  V,  of  cooling 
(observing  that  this  velocity  is  null  when  t  is  null), 

V  =r  F  (^  +  «)  -  F  (») 

F  denoting  the  unknown  function  of  the  absolute  temperature, 
which  represents  the  law  of  radiation. 

If  the  tunctions  F  {t  +  6)  and  F  (J)  were  proportional  to  their 
variables  ;  that  is  to  say,  if  they  were  of  this  form,  m  (^  +  d) 
and  m  0) ;  m  being  a  constant  quantity,  we  should  find  the  velo- 
city of  cooling  equal  to  m  t,  and  we  should  fall  into  the  law  of 
Richmann ;  since  the  velocity  of  coohng  would  be  proportional 
to  the  excesses  of  temperature.  These  velocities  would  be  at 
the  same  time  independent  of  the  absolute  temperatures,  as  has 
been  hitherto  supposed.  But  if  the  function,  F,  be  not  propor- 
tional to  its  variable,  as  our  experiments  prove,  the  expression 

F  (f  +  «)  -  F  (d), 

which  represents  the  velocity  of  cooling,  ought  to  depend  at 
once  upon  the  excess  of  temperature  t  and  the  absolute  temper- 
ature 6  of  the  surrounding  medium.  It  was  to  vary  this  conse- 
quence that  we  observed  me  cooUng  of  the  thermometer  in  vacuo, 
raising  successively  the  water  surrounding  the  balloon  to  20^, 
40®,  60°,  80®.  The  following  table  presents,  in  the  same  point 
of  view,  all  the  results  of  each  of  toese  series  of  observatidns^^ 
which  were  repeated  several  times. 


EzccMoftem- 
peraCareofthe 
thennometer. 

Velocity      of 
cooling  water 
atQo. 

Ditto  water  al 
SJO». 

Ditto  water  at 
40O. 

Ditto  water 
at  60O. 

Ditto  water 
at  800. 

240© 

10*69 

12-400 

U'SS^ 

, 

220 

8*81 

10*41 

11-98 

__ 

... 

200 

7-40 

8-58 

10H)1 

11-640 

13^89 

180 

6*10 

7-04 

8-20 

9*55 

11-05 

160 

4-89 

567 

6-61 

7-68 

8-95 

J  40 

3-88       . 

4-67 

5-32 

6-14 

7-i» 

120 

3-02 

3*56 

415 

4*84 

5*64 

100 

2-30 

2-74 

3*16 

3-68 

4-29 

80 

174 

1*99 

2-30 

2-73 

8*18 

60 

1-40 

1-62 

1*88 

^•IT 

This  table,  which  requires  no  explanatioiu  confirms,,  as^  is 
evident,  the  principle    which  we   have  eatwUah«d\  Wc  ^^ 

q2 


I 


iis 


IT 
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resulta  which  it  contains  lead  us  to  a  rery  simple  approximadon 
which  discovers  the  law  of'  cooling  in  vacuo.  If  we  compiiie: 
the  corresponding  numbers  of  the  second  and  third  column;  that 
is  to  say,  the  velocities  of  cooling  for  the  satiie  excels  of  temper- 
ature, the  surrounding  medium  being  successively  at  0°  and  at 
20°,  we  find  that  the  ratios  of  these  velocities  vary  as  follows : 

1-10  .   .M8  ..  M6  ..  1-15  ..M6  ..M7  . .  M7  .  .1-18.  .M5 

These  numbers,  which  differ  very  little  from  each  other  without^ 
showing  any  regularity  in  their  variations,  requireto.be  rendered 
equal  changes  in  the  velocities  observed,  which  would  scarce|jf 
amount  to  one  per  cent.  .  :  „,  :    "  " 

Let  us  now  compare  the  velocities  observed  when  the  sur- 1 
rounding  medium  was  at  20®  and  40®.    We  shall  find  for  the 
ratios  of  these  velocities  :  .    :     . 

M6..M6..M6..M6..M7..M6..M7.:M5.U-r6..H8 

•■  • 

When  the  surrounding  medium  is  at  40°  and  60^^  the  ratiofi 
are: 

M5  ..  M6   ..  M6   ..  M6   ..  M7  ..  M6  ..1-18  .•H« 

When  the  surround[ing  medium  is  at  60°  and  80®,  the  ratioB 
are : 

M6  ..  M6   ..   M6  ..  M7   ..  M6  ,.  M7  ...  M7  ..MS; 

These  last  three  comparisons  lead  us  to  the  same  conclQsio& 
as  the  first,  and  inform  us,  besides,  that  the  constant  ratio 
between  two  consecutive  series  has  remained  always  the  sune 
when  the  surrounding  medium  was  heated  firom  0°  to  20°;  frofli 
20°  to  40° ;  from  40^to  60° ;  and  from  60°  to  80°.     Tlieprecei 
ing  experiments  then  prove  the  following  law :  The  vetocitytf 
cooling  of  a.  thermometer  in  vacuo  for  a  constant  excess  of  ten^  " 
ature,  increases  in  a  geometricatprogression,  when  the  temperc-  * 
ture  of  the  surrounding  medium  increases   in  an  arithmeticd  " 
progression.     The  ratio  of  this  geometrical  progression  is  thetof^- 
whatever  be  the  excess  of  temperature  consiaerea. 

This  first  law,  which  appUes  ikolely  to  th^  variation  of  temper- 
aiiure  of  the  surrounding  medium,  enables  us  to  put  the  expres- 
sion found  formerly  of  tne  velocity  of  cooUng  in  vacuo, 

F  (^  +  fl)  -  F  («) 

jmder  the  form 

,'   (^t-\-  as. ,  ' 

a  being  a  constant  quantity,  and  f  (jt)  a'functioir  of  the  vaiiable 
t  only,  and  which  we  must  .endeavour  to  discover. 

The  two  expressions  of  .the  velocity  of  cooling  being  equal, 
^e  have  .      , 


1 


n 


i 


It 


a 


if 


aT :  =  .^(0. 
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And  as  this  equation  most  hold  good  for  all  Vifiuissof  #;  we  tiiwt 

have  ■  .'■  ^  '  ^^    ^'^'''' 

ft  being  an  indeterminate  number ;  whence  we  deduct*:   ^    . 

F  (0)  =zm  .a^  +  a  constant  quantity. 

'         ■  '  ■  ■    ■ 

Making,  for  the  sake  of  shortness,  r =  m,  we  get 

F  (t  +  $)  s=  m  .a* ^"^  +  a  constant  quantity.  ^ 

We  have  .then  finally  for  the  value  of  the  velocity, 

V  =  wr.a9(a«-  1) 

an  equation  which  contains  the  law  of  cooling  in  vacuo* 

If  we  suppose  6  constant,  the  coefficient  fn  a^  will  be  so  like- 
wise, and  tne  preceding  law  may  be  announced  in  this  maimer. 
When  a  body  coots  in  vacuo ^  surrounded  by  a  medium  whose 
tempefdiure  is  constant,  the  veloHty  of  cooling  for  excess  hf  tem^ 
jierature  in  aritkmetk(d.progressim^  the  terms  rf  a 

*fgsametrical  progiesHoK^  dtmimsbedby  a  constant  -gtiaj^ty.  ,  ;.^ 
The  ratio  a  of  this  progcessioiai'is  easib^'foi^ndipi^the^  t^rn^ 
meter,  whose  cooling  we  hf^ve  ^observeo ;  for  when  4  aujgmenii 
by  20^,  t  remaining  the  sattie,  thci  velocity  of  cooUng  is  then 
mukipUed  by  1*165,  the  mean  of  allfthe  ratios  determined  *above. 
W^  ha^e  then  •  •      •       '  •  •    ■    -i   >  r  r 

a:=\/  l-i66  =  1-0077  :.^ 

It  only  remains,  in  order  to  Tenfy  the  accuracy  of  thiff.^w,  to 
coiiq>are  it  with  the  different  serif's  contained  in  the  table  ^erted 
above.  Let  us  befi;in  with  that  in  which  the  sorrounding  n^sdium 
was  0^.'  'We  finain  this  case  lihkt  it  is  necessary  to  ma^d  m  ss 
a-OS?  V  wfe  have  then  for  this  caJfe,  ''-*: 

y=»2-037(a*-  1) 
in  whi(di  a  =10077*  .  -  V  / 

.Bxees*ei  of  toop.  or  .  .   Value*  of  V.  ob^    -  .  ■  .  Valoet  of  V  oO- 

■vsltMiofi.  -  lerred.  I  '  cnlaM.   ,> 

240" lOedP 10-68'*   ' 

220     8-81     ,..    8-89 

2(K); 7:40     .7-34 

im- e-io 6'Oi: 

leO     4'89 4-87 

140     3»88     3-8d 

12©     3-02 3-OS.. 

100  2-30     2-3a. 

80^:    1-74     1-72. 

«  To  fd^lttect  the  vahieof  th6  coeiB^ietiC  1*0077«  we  may  remark,. tbat  it  ii 
nearly  e4|toltD  tte  tqnace.af  the  eocffieleat  •€  the  dilatatioo^  tbe.§aKi;  \ 
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Let  us  now  take  the  series  obtained  when  the  surroundin 
medium  was  at  20 ;  the  preceding  coefficient  of  (a*  —  1 )  mui 
then  be  multiptied  by  a**  =  1*165.    We  have  then 

V  s  2-374  (a*  -  1) 

ExeenM  of  tmp.  or  Valact  of  V  ob-  TaliM*  of  V  cbI> 

Talnetoft.  tenred.  cnlated. 

240"    12-40°  12-46° 

,220     10-41 10-36 

200     8-58  8-66 

180     7-04  7-01 

160 6-67  6-68 

140     4-67  4-64 

120     3-66 3-66 

100     2-74  2-72 

80     1-99  2-00 

60     1-40  1-38 

40     0-86  0-86 

20     0-39  0-39 

Let  us  proceed  to  the  series  obtained  when  the  surroundiof 
medium  was  at  40°.  The  preceding  coefficient  of  (a*  —  1)  mwi 
stiH  be  multiplied  by  a**  =  1*165.    Hence 

V  =  2-766  (a*  -  1) 

EzeeiKi  of  temp,  or  Valnesof  Vob>  Values  of  Vfal- 

Mrinei  of  (.  lerved,  colated. 

240P  14*36*  14*44" 

320  11*98 12*06 

200  10-01  9-97 

180 8-20  817 

160  6-61  6-62 

140 6-32  6-29 

120  4-16  4-14 

100  3*16 3-17 

80  ..,, 2*30  2*33 

60  1-62 1*61 

For  the  smes  io  which  the  surrounding  medium  is  60°,  we 
shall  have 

V  =  3*222  (a'  -  1 

ExccMes  of  temp,  or  Valori  of  Y  ob>  Valuet  of  V  eal- 

values  ott,  termed.  cnlated. 

200*'  11-64°  11-61° 

180  9-65  9-62 

160  7-68  7-71 

140  6-14  6*16 

120  4*84  4*82 

JLOO 3*68  3*69 

80  2*73  2-71 

eO  1-88  1-87 
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Lastly^  when  the  surrounding  pxedium  is  80®,  we  have 

V  =  3-764  (a'-  1) 

Excesses  of  temp,  or  Values  of  V  ob-  Valaet  of  V  cmT- 

valaesof/.  senred.  culated. 

200° 13-45° 13-62® 

180     11-06     11-09 

160     .,.. 8-96 8-98 

140     7-19 7-18 

120     6-64     6-61 

100     4-19     4-30 

80     3-18     3-16      . 

60     2-17     2-18 

The  remarkable  agreement  of  the  results  of  calculation  said 
observation  leaves  no  doubt  of  the  accuracy  of  the  Jaw  to  which 
ive  have  been  led.  Without  stopping  at  the  consequences 
which  may  be  deduced  from  it,  and  upon  which  we  shall  return 
inmiediately,  let  us  examine  the  series  of  the  velocity  of  cooling 
when  the  bulb  of  the  thermometer  is  covered  with  silver.  When 
these  series  were  calculated,  we  immediately  perceived,  on 
comparing  them  with  the  analogous  series  when  the  thermometer 
was  naked,  that  the  velocities  of  cooling  in  these  last,  for  the 
same  temperature  of  the  surrounding  medium  and  tlie  same 
excess  of  temperature  of  the  body,  were  proportional  to  the  Cor- 
responding velocities  of  cooling  when  the  bulb  was  silvered. 
The  formma  found  above,  then,  will  apply  also  in  the  case  of 
silver,  preserving  to  a  the  same  value,  and  diminishing  m 
properly. 

Our  first  observation  on  the  cooiine  of  the  silvered  thermo- 
meter was  made,  0  being  eoual  to  2Cr.  We  found  that  it  wa3 
necessary  to  suppose  m  =  0-o67,  and  consequently  ma^  ^  0-416. 
Hence 

V  =  0-416  (a*  -  1) 


Excesses  of  temp,  or 
tralHes  of  t, 

280^     

Values  of  V  ob- 
served. 

3-06°    

Valaes  of  Y  cal- 
ciliated. 

3-11^ 

260      

2-69     

2-61 

240     

2-18     

2-18 

220     

1-83     

•  .c...     1-81 

200     

1-63     

1-60 

180     

1-26     

1-23 

160     

1-02     

1-00 

140     

0-81     

0-80 

120     ........ 

0-62     

0-62 

100     

0-47     

0-48 

80     

0-34     

....••    0-36 

60     

0-24     

, 0-24 

40     

0-16     , 

;    0*16 

SO    

0-07     ..... 

.......    <VW 

I 

ff 
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A  series  so  extensive  as  the  preceding  is  sufficient  to  prove 
that  the  formula  which  applies  to  the  cootins  of  the  glass  bulb 
in  vacuo  extends  likewise  to  the  case  of  the  sihrer  bulb,  preserr- 
ing  to.  a  the  same  value.  However,  not  to  neglect  any  of  tha 
means  of  verification  in  our  power,  we  altered  the  temperature  of 
the  surrounding  medium,  and  raised  it  to  80°.  The  preceding 
coefficient  of  (a*  —  1)  must  be  multiplied  by  a^ ;  which  gives 

V  =  0-668  (a*  -  1) 

EzccMCt  of  temp,  or  Valoet  of  V  ob-  Values  of  V  cal- 

▼alucf  of  <•  served.  calated. 

240*^  3-40*'  3-44° 

220  2-87  2-86 

200  2-36  2-37 

180  1-92  1-94 

160 1-56  1-58 

140  1-27  1-26 

120 0-99  0-98 

100  0-76  0-76 

80  0-66  0-66 

].,  The  simplicity  and  generaUty  of  the  law  which  we  have  just 
fistabUshed,  the  precision  with  which  it  is  confirmed  by  bbier- 
Ivftt^on  through  an  extent  of  nearly  300°  of  the  th^rmbmet^ic 
sc^e,  show  clearly  that  it  will  represent  rigidly  the  fate  of 
cooling  in  vacuo  at  all  temperatures  and  for  aUDoaies. 

Let  us  now  return  to  the  calculation  which  led  us  to  the  HSi- 
(povery  of  this  law. 

The  total  radiation  of  the  surrounding  medium  is  represented 
in  it  by  F  (J),  and  we  find  for  its  value, 

m  a^  4-  a  constant  quantity. 

But  the  point  of  commencement  from  which  the  absoMlie 
temperatures  6  are  reckoned  being  arbitrary,  we  may  choose  it 
in  such  a  way  that  the  constant  quantity  shall  be  null ;  which 
will  reduce  tne  expression  to  m  a?.  We  may  conclude  then  tbt 
if  it  were  possible  to  observe  the  absolute  cooUng  of  a  body  in  a 
vacuum  ;  that  is  to  say,  the  loss  of  heat  by  the  bodyy  li^thout 
any  restoration  on  the  part  of  the  surrounding  bodies,  this!  cool- 
ing wQuld  follow  a  law  in  which  the  velocities  would  inol<^e  in 
a  geometrical  progression,  while,  the  temperatures  increase  in  an 
arithmetical  progression;  and  further,  that  the  ratio  of  this 
geometrical  progression  would  be  the  same  for  all  bodies-^ .  what- 
ever the  state  oi  their  surfacesjiaDiay  be. 

From  this  law,  very  simple  in  itself,  is  deduced  as  a  bonse- 
^uence,  that  of  the  real  coolins:  of  bodies  in  vacuo ;  a  law- which 
we  have  already  announced  ibove.  In  fact,  to  pass  jRrom  the 
first  cGL^e  to  this,  it  is  only  necessary  to  take  into  the  account 
the  quantity  of  h^at  sent  baok' every  instant  by  the  surrounding 
medians  This  qufrnjity  .wiltlie  constant,  if  the  temperature  of 
the  sUttoumdintL  me^uxa  doeiii'iiot  ^^cc^ .   ^csojc^VL i^<(3rm^  ^So^ 
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fche  real  velocity  of  cooUng  of  a  body  in  vacuo  ought,  fer 
excesses  of  temperature  in  an  arithmeticeuprogressiony  toioirease 
in.  a  geometrical  progression,  diminished  by  a  constant  quantity. 
llus  laumber  itself  must  vary  itself,  accoraing  to  a  geometrical 
progression,  when  the  temperature  of  the  surrounding  medium 
(of  which  it  represents  the  absolute  radiation)  varies  according 
to  aa  arithmetical  progression.  These  different  results  are 
clearly  expressed  in  the  equation  obtained  above,  making  m  a? 
=  ]VL     We  have 

V=:M(a'-l) 

M  is  the  number  which  we  must  take  from  the  different  terms 
of  the  geometrical  progression  expressed  by  M  a*  ;  and  we  see, 
besides,  that  this  nunu>er  M  is  connected  with  i  by  the  relation 
announced  above. 

Since  the  value  of  a  is  independent  of  the  nature  of  the  sur- 
face, it  follows  that  the  law  of  cooUng  in  vacuo  is  the  same  for 
all  bodies  ;  so  that  the  radiating  power  of  different  substances 
preserves  the  same  ratio  at  all  temperatures.  We  have  found 
this  ratio  equal  to  6*7  on  comparing  glass  with  silver.  This 
result  is  a  htUe  less  than  that  of  Mr.  LesUe  ;  owing,  no  doubt, 
to  the  surface  of  our  silvered  thermometer  being  tarnished, 
while  that  of  Mr.  LesUe's  was  poUshed.  We  see  Ukewise, 
according  to  the  hypothesis  which  has  given  us  the  law  of  abso- 
lute radiation,  that  we  must  make  0  =  qo  to  render  the  velocity 
anil ;  which  fixes  the  absolute  zero  at  infinity.  This  opinion,  re- 
jected by  a  great  many  philosophers,  because  it  leads  to  the  notion 
that  the  quantity  of  neat  in  oodies  is  infinite,  supposing  their 
capacity  constant,  becomes  probable,  now  that  we  know  that  th^ 
specific  heats  diminish  as  the  temperatures  sink.  In  fact,  the 
law  of  this  diminution  may  be  such  that  the  integral^  of  the 
quantities  of  heat,  taken  to  a  temperature  infinitely  low,  may, 
notwithstanding,  have  a  finite  value. 

"the  law  of  cooUng,  such  as  we  have  represented  it,  and  such 
as  it  may  be  represented  ill  vacuo,^ai[yplies  solely  to  the  velocities 
€f  cooling,  estimated  by  the  diminutions  of  temperature  indicate 
by  an  air  thermometer.  We  may  see  by  the  correspondence  of 
au  the  thermometrical  scales  given  in  the  first  part  of  thiQ 
memoir,  that  if  we  make  use  of  any  other  thermometer,  the  rela- 
lioiis  between  the  temperatures  and  velocities  of  cooling  wotdd 
lose  thiett  character  of^  simpUcity  and  generahty  which  we  have 
foimd  them  to  possess,  and  which  is  the  usual  attribute  of  tte 
laws  of  nature.  If  the  capacities  of  bodies  for  heat  were  con- 
stant when  we  determine  them  by  the  same  thermometer,  th^ 
preceding  law  would  still  give  the  expression  of  the  quantities  of 
neat  lost,  in  a  function  of  the  corresponding  temperatures.  But 
as  w^'have  proved  that  the  specific  neat  of  bodies  is  not  con- 
stant in  aby  thermometrical  scale,  we  see  that,  in  order  to  arrive 
iiCtiiesi  reablosses  of  heat,  we  miist  admit  an  additional  element*^ 
MjBttdy,  4iie  varialioia  of  the  capacity  of  the  bodies  ^xjb^ecXAdi  \^ 
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observatioii.  In  considering  the  question  under  this  point  of 
view,  i^would  be  necessary  to  know,  in  the  first  place^  the  law 
of  the  capacities  for  a  certain  body,  and  to  determine  then,  by 
direct  observations,  the  quantities  of  heat  lost  by  the  same  body 
.  at  certain  fixed  terms  of  temperature  indicated  by  the  air  ther- 
mometer. Then  by  multiplying  the  velocities  of  cooling  deduced 
from  the  preceding  law  by  the  corresponding  capacities,  we 
should  obtain  the  absolute  losses  of  heat.  It  is  not  in  the  interval 
of  the  first  two  or  three  hundred  degrees  of  the  centigrade  scale 
that  we  can  hope  to  verify  the  accuracy  of  these  consequences. 
The  variation  of  the  capacities  not  beginning  to  become  veiy 
sensible  till  we  pass  that  term,  it  would  be  necessary  to  observe 
at  temperatures  of  6  or  600°.  It  is  easy  to  see  the  difiiculty  of 
,  such  a  kind  of  observation.  However,  we  have  succeeded  in 
constructing  apparatus  fit  for  the  purpose ;  and  we  have  already 
made  a  great  many  observations  relative  to  this  subject.  But  as 
our  results  do  not  yet  present  all  the  regularity  which  we  expect 
♦o  be  able  to  give  them,  we  have  determined  to  delay  their  pub- 
lication; and  so  much  the  more  willingly,  that  the  question 
which  it  is  their  object  to  answer  does  not  come  within  the  limits 
of  the  prize  proposed  by  the  Academy. 

The  method  which  Mr.  Leslie  employed  for  measuring  the 
radiating  powers  of  different  surfaces  is  very  good  for  making  us 
acquainted  with  the  radiating  heat  lost  by  a  body  at  all  temper- 
atures. It  is  well  known  that  his  method,  consists  in  estimating 
the  radiation  of  a  body  by  the  heat  communicated  to  an  air  or 
mercurial  thermometer  placed  at  a  certain  distance  from  the  hot 
body ;  and  to  render  the  effects  more  sensible,  this  thermometer 
is  placed  at  the  focus  of  the  reflector. 

it  was  by  means  of  this  apparatus  that  Laroche  obtained  the 
result  which  we  have  mentioned  above.  Among  the  series  of 
observations  made  by  this  method,  there  is  one  which  extends 
indeed  to  very  high  temperatures ;  but  it  cannot  be  of  any  utility, 
because  the  temperatures  were  determined  by  a  process  founded 
on  the  supposition  that  the  capacities  were  constant.  The 
numbers  which  represent  the  losses  of  heat  are  besides  affected 
by  another  error,  proceeding  from  the  heat  of  the  focal  thermo- 
meter being  too  great,  because  the  inaccuracy  of  the  Newto- 
nian law  had  already  become  very  sensible.  But  to  show  that 
our  law  satisfied  the  observations  made  by  this  process  when  they 
are  freed  from  the  causes  of  error  of  which  we  have  just  spoken, 
we  shall  apply  them  to  the  series  given  in  the  same  memoir 
which  do  not  go  beyond  the  limits  in  which  the  variation  of 
capacity  produces  no  sensible  effect.  These  series  are  the 
radiation  of  an  iron  crucible  filled  with  mercury.  Here  the  tem- 
perature of  the  body  not  having  exceeded  200®,  we  may  suppose 
the  specific  heat  constant.  We  may  Ukewise  neglect  the  cor- 
rection which  the  mercurial  thermometer  would  re(j.uire  to  bring 
it  to  the  ;aiir  thermometer ;  because  this  correction  is  very  smaD| 

'   .       1 
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and  because  it  is  probable  that  it  is  more  than  compensated, 
from  the  stem  of  the  thermometer  employed  hy  lanocbm 
not  being  completely  plunged  into  the  mercury. 

Instef^  of  taking  each  of  the  series  which  is  given  by  ibi$ 
philosopher^  we  have  taken  in  some  measure  the  mean  of  them, 
assistea  by  the  formula  by  which  M.  Biot  has  represented  thet« 
observations — a  formula  inserted  in  page  634  of  the  fourth 
volume  of  his  Trait6  de  Physique.  The  numbers  which  we  give 
as  the  result  of  observation  are  then  deduced  from  the  formula 
of  M.  fiiot.  To  represent  them  by  means  of  our  law,  we  mutt 
make  V,  which  here  represents  the  radiation,  equal  to 

4-24  (a*  -  1) 

t  being  the  excess  of  the  temperslture  of  the  crucible,  and  a  a 
constant  quantity,  which  we  have  found  precisely  equal  to  1*0077. 


Valoesof^. 

200^     

Valaes  of  V  observed. 

15-33°    

Valnes  of  V  calcoUtcd. 

15-29* 

180      

12-51      

■  .  12-52 

160     

, 10-09     

, 10-16 

140     

8-04     

8-11 

120     

6-30     

6-36 

100     

, 4-84     

4-86 

0\/        •  •  •  •  • 

3-60     

3-68 

60     

2-54     

2-47 

This  last  series  furnishes  by  its  agreement  with  our  law,  a  new 
]proof  that  the  number  a  depends  neither  upon  the  mass  nor  on 
the  state  of  the  surface  of  the  body.  Since  we  find  it  here  to 
have  the  same  value  as  in  our  experiments  on  cooling  vitreous 
and  silvered  surfaces  in  vacuo. 

From  the  expression  of  the  velocity  of  cooUng  in  vacuo,  w% 
can  easily  deduce  the  relation  which  connects  the  temperatures 
and  the  times.    If  we  denote  the  time  by  x,  we  have 

V=-Ji  =  M(«'-l) 

M  being  a  constant  coefficient  which  depends  solely  on  the 
temperature  of  the  surrounding  medium.  From  this  we  conclude 

d  X  *"  — 

M  (a»  -  IJ 

and 

*  =  Ml^a  O^e-  ^0  +  a  constant  quantity. 

The  arbitrary  constant  quantity  and  the  number  M  will  be 
determined  in  each  particular  case,  when  we  have  observed  the 
values  of  t  corresponding  to  two  known  values  of  the  time  x. 

If  we  supposed  t  so  small  that,  copsiderixig  the  smallness  of 
the  logarithm  of  a,  we  could  confine  ourselves  to  the  terms  of 
the  first  power  in  the  development  of  a',  we  should  obtain  the 
STewtQnian  law. 

(TV  h$  ••nlimttil.) 
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* —  Article  II. 

'*0n  the  Hypothesis' of  Mr.  Knight ^  accounting  for  the  Direction 
■  "■'  of  the  Radicle  and  Germen.    By  the  Rev.  Patrick  Keiih. 

(To  Dr.  Thomson.) 

•i.'r-    ■■   .    ....       .  ;      ... 

......    SIR,.    .  BtthendMurkarage^  Kent^  Jan.  29^1819. 

:  .'^  iNyonr  number  for  April,  181 7,  you  have  given  an  account 
of  the  proceedings  of  the  Linnaean  Society  of  London^  by  whidi 
it  appears  that^  on  Tuesday,  March  4,  preceding,  a  paper^  by 
T.  A*  Knight,  Esq.  was  read  to  the  Society,  containing  a  defence 
'of  what  is  Catlea  my  attack  upon  his  hypothesis^  of  which  I 
tknfortunatefy  exhibited  an  inaccurate  representation.  This 
inaccuracy  1  have  since  admitted  and  apologized  for  in  the  proper 
quarter,  bjit  not  to  the  prejudice  of  any  future  inquiry.  If  Mr. 
Knight's  liypothesis  is  founded  in  truth,  it  will  suffer  nothing 
from  my  investigation  ;  and  if  it  is  founded  in  error,  the  sooner 
the  eijor  is  detected  the  better.  On  this  account,  I  have  given 
it  a  seQond  perusal,  and  I  am  desirous  of  communicating  the 
result  of  it  to  the  public  through  the  medium  of  your  Annals. 
But  th^ .  I  may  not  again  exhibit  an  incorrect  view  of  Mr. 
'  Knighfs  hypothesis,  I  will  give  it  in  his  own  words,  as  it  occurs 
in  an  inference  drawn  from  the  two  following  experiments. 
'^  -Exper.  I.' — On  the  circumference  of  a  vertical  wheel  perform- 
ing 150- revolutions  in  a  minute,  by  which  the  influence  of 
-gravitation  was  conceived  to  be  wholly  suspended,  beans  were 
placed  in  all  directions.  The  result  was,  that  the  radicles 
uniformly  turned  their  points  outwards  from  the  circumference  of 
tiie  wheel;  and  in  their  subsequent  growth  receded  nearly  at 
'-right  angles  from  its  axis.  The  germens,  on  the  contraiv,  took 
the  opposite  direction ;  and  in  a  tew  days  their  points  all  met  in 
the  centre  of  the  wheel.  ^  They  even  extended  beyond  it ;  but 
the  same  cause  which  first  occasioned  them  to  approach  its  axis 
■utill.: operating,.,  their  points  returned,  and  met  again    at  the 

Exper.  II. — In  consequence  of  some  slight  objections  which 
.  Mr.  Knight  anticipated  as  likely  to  be  alleged  against  the  con- 
clusion he  was  inclined  to  draw  from  the  foregoing  experiment, 
a  second,  experiment  was  instituted,  by  adding  to  the  former 
machineiy  a  norizohtal  wheel,  which  was  made  to  perform  250 
.jnBVQlutionsr  iu  a  minute,  and  to  the  circumference  of  which, 
jbeaM  were  fastened  as  before.    The  issue  was,  that  the  radicles 
weiie  protruded  outwards  and  downwards,  about  10^  below,  and 
ifii^  geixaens  inwaii^B  and  upwards,  about  10^  above  the  plane  of 
sthfi:..  wheel.    But  when  the  rapidity  of  the  wheel's  motion  wfts 
i^&rwriied^ :  the  radicles  were  more  perpendicular,  and  the  g^- 
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mens  more  upright;  80  revolutions  in  the  mihiite  givine'an* 
9  elevation  and  depression  to  the  stem  and  root  respectively 
of45^* 

From  the  foregoing  experiments,  Mr.  Knight  infers,  '^  that  the, 
radicles  of  germinating  seeds  are  made  to  descend,  and  their 
germens  to  ascend,  by  some  external  cause,  and  not  by  any 
power  inherent  in  vegetable  Ufe ;  and  that  there  is  but  Utile 
reason  to  doubt  that  gravitation  is  the  principal,  if  not  the  only - 
agent  employed  in  this  case  by  nature.   + 

With  regard  to  the  first  experiment,  it  may  be  remarked,  that 
the  anticipated  objection  is  not  quite  so  slight  as  Mr.  Knight 
seems  to  have  imagined  ;  for  as  the  radicles  were,  at  least  dur- 
ing the  one-half  of  their  circumvolution,  in  their  nfitural  positicm, 
or  nearly  so,  while  the  artificial  centrifugal  force  was  operating 
rather  in  conjunction  with  gravitation,  or  in  the  dii^ction  in 
which  radicles  naturally  grow,  so  as  to  do  more  than  counter- 
balance its  effect  in  the  other  half  of  the  circumvolution,  in 
which  the  force  of  gravitation  was  opposed  to  it,  it  may  be  said, 
that  there  is  no  new  case  put  from  wnich  any  inference  can  be- 
drawn  ;  and  the  moment  the  stems  passed  the  centre,  it  was  to, 
them  the  same  thing  as  growing  downwards,  which  it  is  known' 
that  they  cannot  do.     But  the  experiment  seems  to  me  to  be^ 
liable  to  a  much  more  serious  objection  than  that  which  Mr.-^ 
Knight  had  anticipated ;  for,  as  m  this  case  the  influence  of 
gravitation  was  conceived  to  be  wholly  suspended,   and  the  ■ 
radicles  subjected  to  the  agency  of  the  centrifugal  force  alone,, 
they  ought  surely  to  have  been  protruded  in  the  direction  of  that 
force.     Now  the  direction  of  tne  centrifugal  force  in  question' 
must  of  necessity  have  been  oblique,  as  being  the  simple  efiect 
of  circular  motion  ;  and  not  the  reverse  of  that  of  gravitation,  - 
like  an  arrow  shot  from  a  bow  perpendicularly  upwwls.    Why 
then  were  the  radicles  protruded  at  right  angles  to  the  axis  of 
the  wheel  ?  If  one  of  the  beans  had  by  any  accident  lost  its  hold, 
would  it  have  been  thrown  off  firom  the  circumference  of  the 
wheel  in  that  direction  ?  Unquestionably  not.     It  would  have 
been  thrown  off  in  the  direction  of  a  tangent  to  the  ori)it  which 
it  was  describing  ;  and  in  this  direction  also  the  radicle  ought  to 
have  been  elongated,  the  direction  of  the  plumelet  being  the 
r^erse. 

The  second  experiment  is  thought  to  be  the  most  decisive, 
and  we  may  fairty  allow  it  to  be  the  most  plausible  of  the  two ; 
though  the  account  that  is  given  of  it  by  Mr.  Knight  leaves  a 
desideratum  that  greatly  diminishes  its  importance.  We  are 
told  that  the  radicles  were  protruded  outwards  and  downwards 
at  about  10^  below,  and  the  germens  inwards  and  upwards  at 
about  10®  above  the  plane  of  the  wheel's  orbit ;  but  we  ^wte  n 
told  whether  this  approach  or  recession  was  in  the  plane  of  I 
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wheel's  axis,  or  otherwise  ;  and  if  otherwise,  then  we  are  not 
told  any  thing  with  respect  to  the  de^ee  of  its  deviatiop,  or  how 
it  was  affected  by  the  increased  or  diminished  velocity  of  die 
wheel ;  all  which  seems  to  be  absolutely  indispensable  to 
Mr.  Knight's  conclusion ;  for  if  the  velocity  had  been  such  as  to 
counteract  the  force  of  gravitation  completely^  then,  upon  Hr. 
Knight's  principles,  it  is  evident,  that  the  radicle  ought  to  hsYe 
been  protruded,  not  merely  outwards  and  downwards,  but  hori- 
zontally ;  and  not  yet  merely  horizontally,  but  in  the  direction  of 
a  tangent  to  the  orbit  of  the  bean,  Uke  ihe  drops  of  water  that 
flew  off  from  the  rim  of  Mr.  Knight's  main  wheel;  or  (to  take  a 
more  familiar  example),  like  the  drops  of  water  that  fly  off  from 
the  tags  of  a  twirled  mop.  It  ought,  therefore,  to  nave  been 
making  approaches  to  this  direction  according  to  the  degree  of 
velocity  with  which  the  wheel's  motion  was  accelerated.  WiB 
it  be  said  that  the  resistance  of  the  air  prevented  it  from 
approacliing,  or  from  assuming  that  direction?  Then  tha 
resistance  of  the  air  ought,  for  the  very  same  reason,  to  have 
acted  upon  the  radicles  of  the  beans  that  were  fixed  to  the 
circumference  of  the  vertical  wheel,  and  to  have  affected  their 
direction  also.  But  of  this  we  find  not  the  slightest  intimation; 
and  if  it  had  even  done  so,  there  is  no  reason  to  beheve  that  it& 
action  would  have  stopped  just  at  right  angles  to  the  axis  of  the 
wheel.  Hence  it  is  evident  that  Mr.  Knight's  conclusion  does 
not  legitimately  follow  from  the  premises  which  his  experiments 
present. 

We  do  not,  however,  deny  that  gi*avitation,  or  a  power  coun- 
teracting gravitation,  may  affect  the  growth  of  plants,  and 
influence  the  direction  of  the  root  or  stem ;  or  that  the  ^ect 
produced  by  a  foreign  force  will  be  in  proportion  to  the  amount 
of  the  force  impressed ;  but  we  contend  that  the  vegetating 
plant  possesses  energies  capable  of  counteracting  the  influence 
of  gravitation  when  necessary  ;  and  that  gravitation  is  not  the 
sole,  nor  even  the  principal  agent  employed  by  nature  to  give 
direction  to  vegetables,  it  is  indeed  a  grand  trial  of  our  faith 
to  have  to  believe  that  the  roots  of  plants  grow  downwards  and 
the  stems  upwards  merely  by  the  agency  of  gravitation.  But  if 
it  were  even  granted,  still  the  phenomenon  would  remain  an 
incomprehensible  paradox  till  duly  explained,  notwithstanding 
the  result  of  the  two  experiments  ;  and  accordingly  Mr.  Knight 
endeavours  to  point  out  the  means  by  which  ^vitation  may  pro- 
duce the  diametrically  opposite  effects  which  his  hypothesis 
ascribes  to  it. 

He  begins  by  saying,  that  **  the  radicle  of  a  germinating  seed 
(as  many  naturaUsts  have  observed)  is  increased  in  length  only 
by  new  parts  successively  added  to  the  apex,  or  point,  and  not 
at  all  by  any  general  extension  of  parts  already  formed ;  so  that 
the  matter  added  being  fluid,  or  changing  from  a  fluid  to  a  solid 
state,  may  be  supposed  to  be  sufficiently  susceptible  to  the 
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influence  of  gravitation  to  give  an  inclination  downward  to  the 
-point  of  the  radicle." 

Whether  Mr.  Knight  takes  this  supposed  fact  entirely  upon 
the  credit  of  others,  or  whether  he  confirmed  it  by  his  own 
obsenration,  I  cannot  positively  decide  ;  though  the  parenthesis 
contained  in  the  above  quotation  renders  the  former  part  of  the 
alternative  the  most  probable.  There  is  no  doubt  that  many 
naturaUsts  have  been  of  this  opinion,  particularly  Du  Hamei, 
who  gives  a  minute  account  of  the  experiment  by  which  he 
seemed  to  have  ascertained  the  fact.  Having  passed  several 
threads  through  the  root  of  a  plant,  and  noted  we  distances,  he 
then  immersed  the  root  in  water.  The  upper  threads  retained 
always  tlieir  relative  and  original  situation,  and  the  lowest  thread, 
which  was  placed  within  a  few  lines  of  the  end,  was  the  only 
one  that  was  carried  down.  Hence  he  concluded  that  the  root 
is  elongated  merely  by  the  extremity.* 

Restmg  upon  this  high  authonty,  I  confess  that  I  did  till 
lately  assume  the  fact  without  examination.  But  the  result  of 
the  following  experiment  will  show  that  the  opinion  is  still 
incorrect,  in  spite  of  all  the  authorities  by  which  it  has  been 
backed. 

On  Oct.  1,  1818, 1  sowed  some  tick  beans  in  a  small  earthen 
pan  filled  with  garden  mould. 

On  the  4th,  the  radicle  of  the  most  forward  had  protruded 
about  -^th  of  an  inch  beyond  the  integuments,  when  I  marked  it 
with  ink  at  the  point,  in  the  middle,  and  at  the  base,  as  clear- 
ing the  integuments ;  so  that  the  marks  were  about  -ji^th  of  an 
inch  from  each  other. 

On  the  5th,  the  radicle  was  .^th  of  an  inch  in  length,  and  the 
marks  nearly  as  before  with  regard  to  their  relative  distances, 
but  removed  evidently  from  the  integuments,  so  as  to  admit  of  a 
fourth  or  additional  mark  again  adjoining  the  integuments.  The 
radicle,  which  was  originally  upright,  was  now  bending  down. 

On  the  6th,  the  radicle  was  ^  an  inch  in  length,  the  first  mark 
being  within  two  or  three  lines  of  the  point ;  the  second  at  about 
.ith  of  an  inch  from  the  first ;  the  third  at  about  xth  of  an  inch 
nrom  the  second  ;  and  the  fourth  at  about  -^th  oif*  an  inch  from 
the  third  ;  as  well  as  perceptibly  removed  from  the  integuments. 

On  the  7th,  the  radicle  was  |.th  of  an  inch  in  length.  The 
first  mark  was  still  within  two  or  three  lines  of  the  point ;  the 
second  was  at  the  distance  of  ^  of  an  inch  from  the  first ;  the 
third  was  at  the  distance  of  ^  of  an  inch  from  the  second ;  and 
the  fourth  was  at  about  the  distance  of  ^-th  of  an  inch  from  the 
third,  being  but  little  more  than  its  original  distance,  but 
removed  to  the  distance  of  ^th  of  an  inch  from  the  integuments. 

On  the  8th,  the  radicle  was  one  inch  in  length,  the  first  mark 
being  still  near  the  apex  ;  the  second  at  the  distance  of  about 
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^-of  ah  inch  front  the  first ;  the  third  nt  the  diBtance  of  about 
^d  of  an  inch  from  the  second  ;  and  the  fourth  nearly  as  }}^ipre. 
On  the  9th,  the  radicle  was  1^  inch  in  lengthy  the  three'Tnaila 
next  the  base  being  nearly  as  before,  and  the  mark  n^xt& 
apex  being  the  only  one  that  wast  carried  down. 

On  the  10th,  and  as  long  as  any  further  ohservations.were 
made,  it  was  still  the  lower  extremity  of  the  radicle,  and  that 
only,  which  was  carried  down.   But  enough  had  been  previoodj 
observed  to  show  that  the  assumed  peculiarity  of  the  elon^itioa 
of  the  radicle  is  founded  in  a  mistake  ;  and  that  the  root  in  its 
incipient  state,  like  the  stem  in  its  incipient  state,  is  augmented 
by  the  introsusception  and  deposition  of  additional   particles 
throughout  its  whole  mass  ;  or  ^^  by  a  general  extension  of  paKs 
alreacfy  formed ; "  though  it  may  afterwards,  like  the  stem, 
become  so  firm  and  compact  as  no  longer  to  admit  of  augments- 1' 
tion  in  that  way.     I  suspect,  therefore,  that  Du  Hamel's  expeii"  ' 
ment  was  not  instituted  at  a  sufficiently  early  period  otthe 
radicle's  or  root's  growth ;  or  that  it  was  somehow  or  other 
unnaturally  affected  by  being  placed  in  water ;  or  that  there  are 
exceptions  to  the  rule,  which  my  experiment  estabUshes. 

The  bean,  which  was  the  subject  of  the  above  expeiiment, 
grew,  as  has  already  been  stated,  in  garden  mould,  and  was 
taken  up  and  planted  again  at  every  observation.  My  observa^ 
tions  were  not,  however,  confined  to  that  single  bean;  they 
were  extended  to  many  others,  as  well  as  to  the  radicles  of  mus- 
tard, cress,  and  radish  seed,  all  which  gave  similar  results;  so 
that  if  there  are  any  exceptions  to  the  rule  which  my  experimeBt 
establishes,  the  radicle  of  the  bean,  on  which  Mr.  Knight's  two 
e^^riments  were  made,  is  not  one  of  them. 

Thus  it  is  proved  that  the  facility  with  which  the  g^erminating 
ritdicle  might  be  influenced  by  the  agency  of  gravitation  firom  the 
supposed  pecuUarity  of  its  mode  of  growth  is  wholly  imaginary  i 
and  if  it  were  even  the  fact,  still  the  particles  by  which  it  is 
augmented,  though  originally  fluid,  or  changing  n'om  the  fluid 
to  the  soUd  state,  are  contained  within  an  epidermis  which  ^ 
bounds  and  confines  them,'  and  are  not  committed  to  the 
influence  of  gravitatiopr  merely,  like  the  trickling  drops  of  water 
that  are  added  to  the  point  or  surface  of  an  icicle. 

If  any  other  evidence  were  wanted  to  prove  the  fact  that  the 
root  is  augmented  by  the  introsusception  and  deposition  of  addi- 
tional particles  throughout  its  whole  extent,  I  would  adduce  the 
case  of  the  garden  radish  when  past  the  stage  of  germination< 
Ih  taking  up  young  radishes  that  are  just  fit  for  the  table,  it  is 
no  uncommon  thing  to  meet  with  an  individual  that  is  elevated 
at  the  collar  by  at  least  an  inch  above  the  surface  of  the  soil* 
But  how  is  this  elevation  to  be  accounted  for  except  upon  the 
principle  now  assumed  ?  It  must  not  be  said  that  the  base  of  the 
root  has  been  pushed  upwards,  because  the  apex  could  not  get 
downwards  ;  for  the  apex  has  been  descending  all  the  while,  m 
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will  continue  indeed  to  descend  to  a  much  greater  depths  if  not 
prematurely  taken  up.  At  this  moment  there  lies  beiore  me  the 
root  of  a  radish  sown  in  the  month  of  March  or  April  last^  and 
which  from  being  allowed  to  stand  to  come  to  seed,  and  not 
taken  up  till  a  few  days  ago,  measures  one  foot  in  length  from 
the  base  to  the  apex,  with'  a  diameter  of  2i  inches  at  the  widest, 
three  inches  having  been  raised  above  the  soil,  and  nine  buried 
under  it.  Now  it  is  evident  that  this  growth  was  occasioned  by 
the  introsusception  and  deposition  of  particles  throughout  it^ 
whole  extent.  The  turnip  seems  also  to  be  an  example  in  point. 
Warranted,  therefore,  by  these  facts,  I  contend  tnat  gravita- 
tion  finds  no  facility  whatever  in  carrying  down  the  radicle 
which  it  would  not  find  also  in  carrying  down  the  plumelet ;  and 
that  whatever  may  be  its  agency  upon  the  one,  it  ought  to  be 
precisely  the  same  upon  the  other.  If  the  root  grows  down- 
wards by  virtue  of  gravitation,  so  should  the .  stem  ;  and  hence 
by  force  of  the  counteracting  power  in  Mr.  Knight's  experiment, 
both  root  and  stem  ought  to  have  receded  from  the  circumfe- 
rence of  the  wheels  outwards,  hke  a  thong  of  leather  nailed  to 
it  by  the  middle,  and  the  machinery  put  in  motion.  Such  is 
Mr.  Knight's  account  of  the  rationale  of  the  descent  of  the  root. 
Let  us  now  proceed  to  his  accoimt  of  the  rationale  of  the  ascent 
of  the  stem. 

''  If  (says  Mr.  Knight)  the  motion  and  conse(][uent  distribu- 
tion of  the  true  sap  be  influenced  by  gravitation,  it  follows  that 
when  the  germen,  at  its  first  emission,  or  subsequently,  deviates 
from  a  perpendicular  direction,  the  sap  must  accumulate  on  its 
under  side."  *  But  the  motion  and  consequent  distribution  of 
the  true  sap  is  proved  to  be  very  little,  if  at  all,  influenced  by  gra- 
vitation, from  the  fact  of  its  easy  ascent  in  the  pendant  shoot  of 
the  weeping  willow,  and  in  other  pendant  shoots — a  fact  that 
Mr.  Knight  will  not  refuse  to  acknowledge ;  so  that  the  principle 
on  which  his  argument  rests  is  altogether  gratuitous.  He  regards 
it,  however,  as  resting  upon  facts ;  for  he  further  says,  "  I  nave 
found  in  a  great  variety  of  experiments  on  the  seeds  of  the 
horse-chesnut,  bean,  ana  other  plants,  when  vegetating  at  rest, 
that  the  vessels  and  fibres  on  the  under  side  of  me  germen  invap> 
riably  elongated  much  more  rapidly  than  those  on  its  upper 
side,  and  thence  it  follows  that  the  point  of  the  germen  must 
always  turn  upwards."  Nor  is  this  increased  elongation  con- 
fined to  the  under  side  of  the  germens,  nor  even  to  the  annual 
shoots  of  trees ;  but  it  occurs  and  produces  the  most  extensive 
effects  in  the  subsequent  growth  of  their  trunks  and  branches." 

It  is  to  be  regretted  that  no  particular  account  of  these  expe- 
riments is  given,  nor  of  the  way  in  which  the  elongation  was 
ascertained.  But  it  is  certain  that  this  elongation  does  not 
always  take  place  where  a  bend  <   ',  so  as  to  make  the  point 
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turn  apwardfl ;  and  that  when  a  pendant  stem  becomes  elevated^ 
the  elevation  does  not  commence  at  the  point.  In  support  of 
tliis  assertioa^  I  will  adduce  the  fact  of  the  spiral  growtn  of  the 
tendril  of  the  vine.  If  it  followed  the  rule  of  elongation  implied 
in  Mr.  Knight's  hypothesis,  it  could  not  complete  so  much  as  a 
sin^  circumvoliition  round  its  supporter  (especially  if  its  posi- 
tion  shodd  be  horizontal),  and  yet  it  completes  several  circum- 
volutions before  it  is  satisfied  with  its  hold.  Further,  if  plants 
followed  the  rule  implied  in  the  hypothesis,  how  should  the 
plumelet  of  the  onion  ascend  in  the  shape  of  a  loop,  or  whip  and 
pendant  lash ;  or  ^lo^v  should  beans  planted  at  the  depth  of  a 
foot  «end  up  a  perpendicular  stem  with  the  summits  bent 
down  in  the  shape  of  hooks  till  they  reach  the  surface  ;  or  how 
rfiould  the  frond  of  Pteris  cquilina  come  up  and  continue  so  long 
circinal ;  or  bow  should  the  poppy  or  crown  imperial  be  at  all 
able  to  Tear  tlieir  noddmg  heads  ?  But  if  we  aHow  the  alleged 
Elongation  to  take  place,  wiH  it  give  verticaliiy  to  the  plant? 
I  tiiink  it  wis  not.  For  as  the  operating  cause  is  capa3ble  ci 
trnning  up  Ae  point  only,  the  bend  vvill  remain  as  before  ;  and 
1(4)ien  a  new  bend  takes  place^  whether  on  the  same  side  or  on 
the  side  opposite,  it  will  be  the  point  only  that  will  again  ascwd; 
80  that  the  stem  will  exhibit  throughout  its  whole  extent  only  a 
succession  of  bends  and  turn-ups. 

The  fact,  however,  is,  that  when  the  pendant  stem  is  elevated, 
the  devation  does  not  commence  at  the  summit,  but  at  the 
lower  part  of  the  bend ;  so  that  this  is  a  case  for  which  Mr. 
Knight's  hypothesis  furnishes  no  provision. 

On  Sept.  1,  1816,  at  eight  o'clock,  a.  m.  the  shoot  of  a  plum- 
tree  was  much  bent  down ;  the  origin  of  the  bend  beii^  at 
least  six  inches  from  the  siunmit.  At  six  o'clock,  p.  m.  it  nad 
begun 'to  resmne  an  drect  position  by  the  lower  half,  though  in  a 
»ort  of  rigzag,  or  rather  waving  line. 

On  the  2d,  at  11  o'clock,  a.  m,  the  process  of  erection  was 
still  -going  on  in  the  same  waving  line,  and  the  summit  sUghtly 
bttitT)y  cu>out  two  inches. 

On  the  4th,  the  waving  line  was  a  litde  higher,  and  th« 
summit  bent  only  by  an  inch. 

"On  Ae  6th,  the  waving  line  was  quite  obliterated,  and  the 
shoot  vertical;  but  the  summit  was  the  last  part  that  was 
turned  up.* 

Also,  on  April  18,  1818,  at  six  o'clock  in  the  morning,  the 
icapes  of  a  batch  of  daffodils  in  front  of  my  study  were  bent 
down  to  the  earth,  by  means  of  a  sharp  frost,  so  that  the 
blossoms  were  recumbent  upon  the  grass.  At  nine  o'clock  they 
Were  all  erect ;  but  the  blossoms  were  aU  nodding  as  before. 
Consequently  they  were  not  elevated  by  any  recurvature  at  the 
•uaunit,  nor  by  any  elongation  of  the  fibres  of  the  under  side, «« 
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the  effect  of  advancing  vegetation,  for  they  were  already  at  their 
ftill  growth. 

Indeed  so  far  is  the  bend  from  being  Ukely  to  occasion  an 
increased  flow  of  sap  on  the  under  side,  that  it  seems  to  me  to 
be  the  most  Ukely  means  of  retarding  it ;  as  the  vessels  on  the  mi* 
der  side  must  be  too  strongly  compressed  to  afford  a  ready  passage 
for  the  sap,  while  those  on  the  upper  side  occasion  no  obstroo- 
tion  to  it ;  and  it  does  not  in  fact  appear  that  there  is  any  accn* 
mulation  of  matter  deposited  on  the  under  side  of  horizontal  or 
deflected  branches ;  on  the  contrary,  in  examining  a  number 
of  branches  so  circumstanced,  particularly  branches  of  the  ash* 
tree,  I  have  uniformly  found  tne  greatest  thickness  of  woody 
layers  to  be  on  the  upper  side. 

Such  are  the  obstacles  that  present  themselves  to  Mr.  Knight^f 
explanation  of  the  phenomenon  in  question.  But  even  allowing 
it  to  be  the  true  one,  what  is  it  that  gives  occasion  to  the  ben4 
downwards  ?  For  it  appears  that  gravitation  cannot  act  till  ^ 
bend  in  the  stem  takes  place.  Say  that  the  bend  is  occasiojgie4 
by  accident,  or  by  the  natural  tendency  of  heavy  bodies  to  gravi- 
tate, or  by  the  stems  being  so  weak  and  liml>er  that  it  cannot 
support  itself,  or  by  the  plumelet's  being  deflected  in  the  seed. 
The  conditions  required  are  given ;  and  the  cause  assigned  by 
Mr.  Knight  will  produce  the  effect  ascribed  to  it,  if  possible.  But 
if  I  take  a  seed  whose  plumelet  is  not  deflected,  and  plant  it  so 
AS  that  the  plumelet  shall  point  perpendicularly  downwards,  why 
should  it  again  turn  up  ?  W  ill  it  be  said  that  it  is  made  to  turn 
up  by  means  of  the  great  quantity  of  Uijuid  that  is  directed  into 
it  in  the  process  of  germination,  as  it  is  said  that  the  pendant 
stem  may  be  afterwards  made  to  turn  up  ?  Then  I  reply  that  the 
great  quantity  of  liquid  ought,  d  fortiori,  to  compel  it  to  powt 
downwards  still,  since  it  is  acting  with  its  fuU  force  in  the  very 
direction  of  gravitation ;  or,  at  the  least,  that  if  gravitation 
elevates  the  bent  plumelet,  or  the  plumelet  of  whatever  shape, 
it  ought,  for  the  same  reason,  to  elevate  the  bent  radicle  ;  for 
I  have  proved  that  it  finds  them  both  in  precisely  the  same 
circumstances  ;  so  that  if  Mr.  Knight  still  persists  in  regarding, 
gravitation  as  the  cause  that  gives  direction  to  the  plant,  he  wi|l 
be  compelled  to  look  out  for  a  new  explanation  of  the  way  in 
which  it  acts. 

Mr.  Knight  now  proceeds  to  answer  objections.  Du  Hamel 
had  said  that  gravitation  could  have  but  little  influence  in  the 
direction  of  the  plumelet,  were  it  in  the  first  instance  protrude^) 
or  afterwards  made  to  grow  perpendicularly  downwards.  This 
is  a  case  that  Mr.  Knight  seems  to  regard  as  apparently  hostile 
to  his  hypothesis ;  and  it  is  the  case  mat  I  have  just  put.  But 
what  is  his  answer  to  the  objection  ?  Merely  that  having  made 
many  experiments  on  the  inverted  seeds  of  the  horse-chesnp^ 
and  the  bean,  he  found  that  after  a  certain  time  th^  extremity 
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the  radicle  began  to  point  downwards,  and  the  extremity  of  the 
germen  to  point  upwards  * 

Another  objection  arises  from  the  fact  that  few  branches  grow 
perpendicularly  upwards ;  and  that  roots  always  spread  honzon- 
tally.  To  this,  Mr.  Knight  replies,  that  the  luxuriant  shoots  of 
trees  that  abound  in  sap  do  almost  uniformly  turn  upwards,  though 
the  more  feeble  and  slender  shoots  of  the  same  trees  grow  in 
almost  every  direction,  probably  because  their  fibres  being  more 
dry,  and  their  vessels  less  amply  supplied  with  sap>  they  are  less 
^^cted  by  gravitation.t  If  Mr.  Knight's  hypothesis  is  insuflS- 
cient  to  acconnt  for  the  direction  of  the  stem,  it  will  be  also 
insufficient  to  account  for  the  direction  of  the  branches.  But  it 
may  be  pbserved,  that  a  great  flow  of  sap  is  not  at  all  necessaiy 
i6  uprightness  of  growth . 

On  June  1, 1818,  a  shoot  of  a  raspberry,  of  about  20  inches  in 
length,  was  found  to  have  been  broken  across,  near  the  base,  by 
a  violent  gust  of  wind,  and  separated  entirely  from  the  root, 
except  by  a  small  portion  of  bark,  of  about  a  quarter  of  an  inch 
ii^  breadth.  It  was  Ijring  flat  upon  the  ground  by  the  whole  of 
its  length,  but  was  beginning  to  ascend  by  the  summit.^ 

On  the  8th,  the  vertical  poison  at  the  summit  was  three 
inches  in  length. 

On  the  16th,  the  vertical  portion  at  the  summit  was  sir 
inches  in  length.  Thus,  there  was  a  rapid  and  upright  increase 
of  the  shoot,  and  yet  there  could  not  possibly  have  been  a  great 
flow  of  sap. 

Mr.  Knight  regards  the  numerous  lateral  roots  that  issue  from 
the  primary  radicle  as  assuming  a  horizontal  direction,  because 
they  are  much  less  succulent  than  the  primary  radiele,  and  cour 
sequently  less  obedient  to  gravitation ;  and  because  they  meet 
with  less  resistance  from  the  superficial  soil  than  from  the  soil 
below ;  so  that  the  first  and  perpendicular  root,  having  executed 
its  office  of  securing  moisture  to  the  plant  whilst  young,  is  thus 
deprived  of  its  proper  nutriment,  and  ceases  almost  wholly  to  grow.f 

To  this  it  may  be  replied,  that  when  the  seed  is  made  to.  ger- 
minate in  the  open  air,  the  lateral  shoots  issuing  from  the  primary 
radicle  are  still  horizontal,  or  nearly  so,  though  the  primary 
radicle  itself  is  not  always  perpendicular.  Of  three  radicles 
protruded  from  three  beans  germinating  at  rest,  in- the  dark,  and 
m  the  open  air,  by  being  tied  to  a  small  slip  of  wood  placed 
across  an  earthen  pan  at  the  distance  of  three  inches  from  the 
bottom,  the  first  receded  gradually  from  the  perpendicular  till  at 
about  the  length  of  two  inches  it  formed  an  angle  of  40°.  The 
second,  at  the  same  length,  formed  an  angle  of  45°  ;  and  the 
third,  at  about  the  length  of  one  inch,  was  horizontal  by  the 
lower  half.    What  more  could  have  been  expected  from  a  hori- 
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2ontal  and  revolving  wheel  7  I  may  also  add^  that  the  lateral  and 
horizontal  shoots,  issuing  whether  from  the  radicles  of  herbs,  or 
even  of  trees  and  other  woody  plants,  as  well  as  the  extreme 
^fibres  of  the  grand  divisions  of  the  root  itself,  are  all  as  perfectly 
succulent  as  the  most  tender  radicle,  and  as  completely  within 
the  influence  of  gravitation.  Indeed  the  germinating  radicle  i» 
not  alwa;^s  either  very  soft  or  very  succment.  The  radicle  of 
■the  bean  is  a  firm  ana  compact  substance,  even  at  the  time  that 
it  may  be  bending  downwards.  Let  any  one  make  the  proper 
observations  by  watching  the  germination  of  a  bean ;  or  by  tak- 
ing up  the  extreme  fibres  of  the  root  of  a  tree,  the  elm  tree,  for 
example,  at  the  distance  of  10  or  12  feet  from  the  trunk,  and 
he  will  find  that  what  I  have  now  asserted,  whether  with  regard 
to  the  radicle  or  to  the  lateral  fibre,  is  the  fact. 

Gravitation,  therefore,  if  it  were  the  sole,  or  even  the  main 
•cause  giving  direction  to  roots,  ought  still  to  operate  on  ths 
lateral  fibres  with  its  full  effect.  The  resistance  of  the  subsoil 
does  not,  in  fact,  present  any  «very  great  difficulty  to  downward 
growth  ;  for  it  is  penetrated  by  many  roots  that  seem  to  be  much 
less  fitted  for  the  c>peration  than  others  that  never  approach  it. 
Why  does  the  root  of  Triticnm  repens  creep  along  horizontally  at 
the  depth  of  two  or  three  inches  below  the  surface^  though  it  is, 
perhaps,  the  best  fitted  of  all  roots  for  perpendicular  descent,  by 
its  being  furnished  with  a  fine  and  stiff  point  that  will  often 
penetrate  in  a  horizontal  direction,  through  substances  that  are 
.much  more  firm  and  compact  than  the  soil  in  which  it  grows. 
Thus  it  has  been  known  to  make  its  way  even  through  a  potato, 
«or  Jerusalem  artichoke,  though  it  will  not  descend  to  any  consi- 
derable depth ;  and  yet  if  you  sow  carrots  or  parsnips  in  the 
same  soil,  their  roots  will  descend  to  the  depth  of^a  foot  or  more. 
It  is  evidently  the  effect  of  an  election  in  the  plant. 

With  regard  to  the  tap  root  of  the  oak,  of  which  every  body 
.talks,  I  can  say  nothing  from  my  own  observation.  Du  Hamel 
asserts  its  existence,''^  and  Mr.  Knight  denies  it ;  and  from  the 
number  of  trees  which  Mr.  Knight  examined,  he  certainly  has  a 
right  to  speak  with  some  confidence ;  though  woodmen  who 
have  grubbi6d  up  many  oak  threes,  uniformly  amrm  that  they  are 
often  furnished  with  a  tap  root,  extending,  in  most  cases,  to  the 
depth  of  three  or  four  feet,  and  thick  in  proportion  to  the  trunk. 
But,  however  it  may  be  with  the  oak  tree,  tnere  are  undoubtedly 
many  plants  of  which  the  first  and  perpendicular  radicle  or  root 
still  continues  to  grow,  and  to  be  of  the  utmost  importance  to 
the  individual,  as  is  evident  from  the  examples  of  the  roots  of  the 
-carrot,  the  parsnip,  and  the  radish,  of  which  the  matured  radicle 
^constitutes  the  main  bulk. 

In  my  paper,  upon  the  developmej  '  seminal  germ,  pub 
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an  objection  to  Mr.  Knight's  hypothesis,  the  fact  of  the  upward 

Eowth  of  the  radicle  of  the  misseltoey  at  least  when  the  seed  is 
iged  on  the  under  side  of  the  supporting  branch.  But  I  now 
find  that  Mr.  Knight  obviates  the  objection  by  saying,  that  the 
misseltoe  has  no  root,  and  that  the  part  in  question  ^ns  the 
bark  only  by  receding  from  the  light,  like  the  stem  and  tendiik 
of  other  parasitical  plants. 

I  am  not  acquainted  with  many  plants  that  are  strictly  parasi- 
jdcal ;  but  I  do  not  find  in  those  with  which  I  am  acquainted  any 
•peculiar  disposition  to  recede  from  the  light.  The  dodder, 
fCuscuta  europea,  cannot  be  said  to  have  it,  because  it  twines 
round  a  supporting  stem  from  right  to  left ;  so  that  in  its  very 
outset,  it  must  rather  approach  the  Ught  than  recede  froinit; 
and  again,  in  every  new  spire  or  gyration,  broom-rape,  Orobanche 
major,  does  not  fly  the  light,  for  it  comes  up  quite  erect :  and  I 
have  seen  many  plants  of  the  misseltoe,  Viscutn  alburn^  whose 
erowth  is  wholly  to  the  south  of  the  point  at  which  they  issue 
.m)m  the  stem,  as  well  as  chiefly  ascending.  Hence  if  any  part 
of  the  germ  of  a  parasitical  seed  is  found  to  recede  from  the 
light,  it  is  most  Ukely,  because  it  is  of  the  nature  of  a  radicle, 
since  radicles  are  known  to  do  so.  Besides,  the  embryo  of  the 
«eed  of  the  missletoe  is  just  like  many  other  embryos,  furnished 
with  cotyledons,  enclosing  a  plumelet,  and  what  we  are  bound 
to  call  a  radicle  (though  perhaps  caidescent),  unless  for  some 

good  reason  with  which  I  am  not  yet  acquainted ;  because  it  is 
lat  part  of  the  embryo  which  first  begins  to  shoot  in  the  process 
of  germination,  and  in  a  direction  opposite  to  the  plumelet. 

In  this  opinion  I  am  supported  oy  an  authority  which  I  am 
Bure  Mr.  Knight  will  respect,  namely,  that  of  the  great  and 
illustrious  Goertner,  who  expressly  describes  the  embryo  of  tie 
'  misseltoe  as  being  furnished  with  a  somewhat  swollen  and  capi- 
tate radicle,  that  is,  separated  from  the  cotyledons  by  a  slenaer 
stipe.  All  indeed  that  is  situated  beneath  the  cotyledons,  may, 
in  the  opinion  of  Gcertner,  be  regarded  as  a  radicle  in  every 
embryo  whatever ;  *  whereas,  with  regard  to  the  misseltoe,  Mf. 
Knight's  opinion  implies  that  all  below  the  cotyledons  is  a  stem. 
But  will  Mr.  Knight  allow  me  to  cut  off*  the  point  of  it  to  see 
whether  it  will  insinuate  itself  into  the  bark  then?  If  it  is  wholly 
a  stem,  it  ought  still  to  do  so.  But  if  it  refuses,  t^en  it  is  plain 
that  there  was  something  in  the  point  more  than  a  mere  stem. 
This  experiment  must  be  made  and  succeed  before  Mr.  Knight 
.  can  establish  his  position ;  that  is,  a  graft  of  the  misseltoe  most 
succeed  by  being  bound  to  the  outside  of  the  bark  of  some  stock. 
If  it  be  said  that  it  would  be  unfair  to  cut  off*  the  point  because 
it  may  contain  something  fitted  to  make  it  unite  with  the 
supporter,  then  I  contend  that  this  something  is  the  very  radicle 
in  question. 
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It  is  true  that  some  botanists  have  regarded  parasitical  plants 
as  being  altogether  destitute  of  roots,  applying  to  them  the  term 
ejrhiza,  and,  perhaps^  Linnseus  may  be  squeezed  into  the  num- 
ber ;  because  in  his  distribution  of  the  parts  of  the  plant,  he 
describes  only  a  parasitical  stem,  and  says  nothing  of  a  parasi- 
tical root ;  *  though  Linnaeus's  authority  will  not,  perhaps,  be 
regarded  as  of  much  weight  in  this  case,  when  it  is  recollected 
that  he  elsewhere  f  represents  the  stems  of  all  trees  and  shrubs 
as  being  merely  roots  above  ground.  But  the  most  scientific 
definitions  or  descriptions  of  the  root,  amongst  which  I  include 
those  of  Malpighi  and  Du  Hamel,  as  well  as  that  of  our  worthy 
and  learned  President,  Sir  J.  E.  Smith,  J  do  evidently  include 

Earasitical  plants  ;  because  they  represent  that  part  of  the  plant 
y  which  it  attaches  itself  to  the  substance  on  which  it  grows  or 
feeds,  as  being  the  root.  Besides,  there  are  some  parasitical 
plants  that  have  even  conspicuous  roots,  as  any  one  who  has 
'ever  seen  a  mature  and  complete  plant  of  Orobanche  major  will 
4icknowledge ;  and  although  systematic  botanists  do  describe 
some  plants  of  the  class  cri^piogamia  as  being  destitute  of  roots, 
because  they  have  no  visible  or  conspicuous  root  appearing  as  a 
distinct  organ,  yet  the  phytologist  knows  that  this  is  not  abso- 
iutely  correct. 

We  may  regard  the  embryo  of  the  misseltoe,  therefore,  as 
being  furnished  with  a  radicle,  though  not  very  conspicuous ; 
and  it  need  not  be  thought  strange  if  it  grows  occasionally 
upwards.  We  find  that  roots  in  general  possess  a  capacity  of 
accommodating  themselves  to  circumstances  in  the  direction 
which  they  anect,  independent  of,  and  even  in  opposition  to, 
gravitation.  The  roots  of  trees,  which  are  planted  m  a  bottom, 
near  to  sloping  banks,  will  extend  not  merely  in  a  horizontal 
direction,  but  will  follow  the  direction  of  the  ascent.  An  asb 
tree  which  is  so  situated,  and  is  now  within  my  view,  has  roots 
at  the  distance  of  five  yards  from  the  trunk  elevated  at  least 
three  feet  above  the  level  of  the  collar.  If  a  piece  of  the  root  of 
the  horse-radish,  CochJearia  armoracia^  is  planted  at  the  depth 
of  15  inches,  it  will  send  up  root  shoots  erect  to  the  surface  of 
the  soil ;  ^  and  if  it  is  planted  at  the  sur&ce  of  the  soil,  it  will 
no  doubt  send  down  root  shoots  to  the  same,  or  to  a  greater 
depth.  There  are  even  some  stems,  or  at  least  fronds,  that  seen^ 
to  be  wholly  indifferent  to  the  direction  in  which  they  grow. 
Many  of  the  lichens  which  grow  upwards  when  situated  on  the 
upper  side  of  a  branch,  are  very  well  content  to  grow  down- 
wards when  situated  on  the  under  side ;  or  to  grow  horizontally 
when  attached  to  the  surface  of  an  upright  trunk*  The  lichen 
prunastri  may  be  quoted  as  an  example.  Further,  if  gravitation 
were  the  sole  cause  giving  direction  to  the  root,  there  would  be 
no  such  thing  as  a  root's  selecting  the  besj  vhich  roots  are 
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well  known  to  do.  For  then  it  would  have  no  choice  but  to 
descend,  unless  prevented  by  an  obstacle  that  could  not  be  sur* 
mounted ;  which  might  stop  it  or  turn  it  to  the  one  side,  but 
could  not  surely  make  it  grow  upwards,  or  ascend  a  bank ;  for 
that  would  be  hke  making  a  river  to  run  up  a  hill. 

In  short,  the  more  we  examine  the  subject,  the  more  we  feel 
tihe  want  of  a  principle  "  inherent  in  vegetable  life  "  to  determine 
the  direction  of  the  plant.  We  see  that  such  a  principle  must  be 
the  cause  of  many  of  the  other  phenomena  of  vegetation,  and 
^hy  not  also  of  the  phenomenon  in  question.  To  what  but  to 
the  operation  of  such  a  principle  are  we  to  ascribe  the  move- 
ments oi Hedysarum  gyrans ;  the  irritability  of  the  Mimosa:  the 
spiral  ascent  of  the  twining  stem,  as  being  directed  to  the  right 
OT  to  the  left  respectively,  and  never  otherwise  ;  the  phenomen(Mi 
of  the  sleep  of  plants;  and,  perhaps,  of  the  Horologiiim  Flora? 
and  how  snail  we  accoimt  without  it  for  the  adaptation  of  the 
vegetable  structure  to  the  wants  of  the  species,  as  exemplified  in 
the  hollow  stems  of  the  grasses,  interrupted  with  knots ;  and  the 
hollow  but  knotless  scape  of  the  onion  inflated  in  the  middle ; 
together  with  the  growtn  and  maturation  of  the  leaves,  flowers, 
and  fruit,  which  are  formed  complete  in  all  their  parts,  and 
arranged  in  the  most  appropriate  order,  long  before  their  ulti- 
mate evolution,  and  totally  mdependent  of  gravitation,  or  of  the 
position  in  which  art  or  accident  may  happen  to  have  placed 
them,  or  of  any  other  cause  that  is  merely  either  chemical  or 
mechanical?  But  if  gravitation  is  really  the  agent  that  gives 
direction  to  the  root  and  stem  of  plants,  then,  I  presume,  there 
will  be  no  absurdity  in  inquiring,  whether  the  upnght  growth  of 
the  horns  of  the  stag,  and  the  twisted  and  spiral  growth  of  the 
horns  of  the  ram,  are  not  the  effect  of  gravitation  also ;  or 
whether  the  teeth  of  the  upper  jaw  of  a  man  do  not  grow  down- 
wards, and  the  teeth  of  tne  imder  jaw  upwards,  by  virtue  of 
gravitation. 

I  am  ready  to  acknowledge  Mr.  Knight's  great  merit  in  the 
introduction  of  several  important  horticultural  improvements,  as 
well  as  in  the  discovery,  or  rather  in  the  more  complete  esta- 
blishment of  certain  important  phytological  facts  ;  but  I  do  not 
think  that  he  has  been  equally  successful  in  the  establishment  of 
the  several  hypotheses  which  he  has  advanced  for  the  purpose  of 
explaining  the  phenomena  of  vegetation.  Perhaps  my  opinion 
may  be  singular,  but  it  has  not  been  formed  without  much 
examination,  especially  on  the  subject  of  the  present  hypothesis, 
which,  I  think,  I  have  proved  to  be  not  only  contradicted  by  the 
result  of  Mr.  Knight's  ovm  experiments,  as  well  as  by  a  multi- 
pUcity  of  well-known  facts ;  but  even  indebted  for  its  plausibility 
to  a  misapprehension  of  facts.     I  am.  Sir, 

Your  most  obedient  humble  servant, 

P.  Kejth. 


» 
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Article  III. 

On  the  Phenomena  of  Sanguification,  atid  on  the  Blood  m 

general.    By  W.  Prout,  M.D,  - 

(Continued from  p,  S5.) 

Sanguification. — ^The  -chyle  from  the  thoracic  duct  proceeds 
into  the  sanguiferous  system^  mixes  with  the  general  mass  of 
circulating  fluids,  and  almost  immediately  passes  through  the 
lungs,  where  it  is  exposed  to  the  air,  and  appears  to  undergo  the 
final  process,  and  to  be  converted  into  blood.  This  process  is 
termed  respiration ;  the  phenomena  of  which  we  shall  brieflj 
consider  under  the  followmg  heads  of  inquiry. 

First,  Whether  the  phenomena  of  respiration  be  the  same  is 
kind  in  all  animals. 

Secondly,  Whether  any  other  gas  can  be  substituted  for 
oxygen  in  respiration. 

Inirdly,  Wnether  the  phenomena  of  respiration  be  the  same 
in  degree  in  different  classes  of  animals  compared  with  one 
another,  or  in  different  animals  of  the  same  class. 

Fourthly,  Whether  the  phenomena  be  hable  to  any  differences 
in  degree  m  the  same  animal  at  different  times. 

Fifthly,  Whether  the  blood  as  a  whole,  or  in  part  only,  be 
concerned  in  the  production  of  these  phenomena. 

First,  With  respect  to  all  the  more  perfect  animals  which  have 
organs  of  respiration,  &.c.  similar  to  man,  it  need  only  be  stated 
generally,  that  precisely  the  same  appearances  take  place.  In 
the  inferior  animals,  some  variations  occur  which  it  will  be  propw 
to  notice.  Fishes,  for  example,  have  no  lungs,  and  cio  not 
breathe  air  ;  it  was,  however,  an  early  discovery,  which  has  been 
confirmed  by  all  succeeding  experimentalists,  that  these  animals 
cannot  Uve  m  water  deprived  of  air,  at  least  of  oxygen,  or  more 
properly  speaking,  they  all  require  oxygen  to  be  brought  in  con- 
tact with  their  blood,  which  oxygen  is  converted  into  carbonic 
acid  precisely  as  in  the  animals  which  breathe  air.  This  change 
is  most  usually  effected  by  the  gills,  which  are  in  fact  their 
lungs.  In  some  instances,  however,  it  appears  to  take  place 
differently,  as,  for  example,  in  the  cobitisfossilis,  in  which  a  sort 
of  double  respiration  has  been  observed  by  Erraan.  "  In  water 
containing  air,  the  fish  breathed  as  usual  through  its  gills ;  but 
if  the  water  was  deprived  of  its  portion  of  oxygen  gas,  the  fish 
rose  above  the  sunace,  drew  air  through  its  mouth,  and  swal- 
lowed it.  The  air  penetrated  the  intestines,  the  blood-vessels  of 
which  were  reddened  ;  and  when  it  had  lost  its  portion  of  oxygen 
gas,  the  fish  discharged  it  by  the  rectum."  It  ha*"  '  '^-^en  lately 
shown  by  Biot,  whose  experiment  s  have  been  I  recently 

confirmed  by  Configliachi,  an  Italianprofessor^ai  jop 
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that  the  air-bladders  of  fishes  contain  oxygen  gas,  which  is  usually 
greater  in  proportion  as  the  animal  inhabits  deeper  waters,* 
%  circumstance  which  appears  to  indicate  their  use  to  be  some- 
what analogous  Jo  that  of  the  organs  of  respiration. i*  In  animals 
inferior  to  fishes,  the  same  phenomena  occur*  Thus  it  was  early 
observed  by  Ray,  that  insects  died  very  soon  if  the  hole&  or  5rig- 
viata  through  which  the  air  enters  into  their  bodies  were  stopped 
with  oil  or  honey.  Derham  found  also  that  wasps,  bees,  hornets, 
also  snails,  leeches,  &c.  soon  died  under  the  exhausted  receiver 
of  an  air-pump  ;  and  Scheele  and  Bergman  found  that  like  other 
animals,  they  converted  the  air  of  the  atmosphere  into  carbonic 
acid.  Vauquelin,  however,  was  the  first  that  made  accurate  and 
satisfactory  experiments  with  insects,  in  which  he  proved  beyond 
a  doubt  the  accuracy  of  the  above  conclusions.  This .  chemist 
also  extended  his  experiments  to  the  moluscay  and  obtained 
precisely  the  same  results ;  as  did  Spallanzani,  and  more 
lecently  Haussman.;]:  Lastly,  Sir  Humphry  Davy  found  thai 
even  the  zoophytes  produced  similar  phenomena.^  Thus  then  it 
appears,  that  all  animals  convert  the  oxygen  of  the  atmosphere 
into  carbonic  acid  gas ;  and  as  the  blooMd  is  the  fluid  which 
appears  to  be  operated  upon,  and  to  produce  this  remarkable 
change  in  the  more  -perfect  animals,  we  may  doubtless  conclude 
that  a  similar  fluid,  or  one  that  performs  a  similar  office,  is  the 
cause  of  this  change  in  the  inferior  animals,  although  we  cannot 
discover  its  existence. 

Secondly,  We  come  to  consider  whether  any  other  gas  can 
besubstituted  for  oxygen  in  respiration.  This  question  was  very 
early  decided  in  the  negative.  It  was  also  found  that  animate 
could  not  respire  even  oxygen  for  any  length  of  time  without 
dilution,  and  in  short  that  no  other  compound,  except  atmospheric 
air,  in  which  the  proportion  of  oxygen  is  only  one-fifth  of  the 
whole  bulk,^  is  capable  of  supporting  life.  Pure  oxygen  and 
gaseous  mixtures  containing  a  larger  proportion  of  this  gas  than 
atmospheric  air,  appear  to  destroy  life  in  a  short  timte  by  over 
excitation..  On  the  contrary,  some  gases  of  a  mild  and  inactive 
character^  as  hydrogen  and  nitrogen,  when  pure,  or  in  too  large 
proportion,  destroy  life  by  the  opposite  means,  or  sufifocation ; 
while  others,  as  carburetted  hydrogen,  ccubonic  acid,  &c.  seem 
jlo  prove  fatal  simply  in  virtue  of  their  deleterious  properties. 

Agreeably  to  what  might  be  expected  are  the  effects  which  these 
Afferent  non-respirable  airs  produce  upon  the  blood  aut  of  the 

*  See  Berzelius's  View  of  tile  Progress  and  Present  State  of  Animal  Chem&trj, 
^,  44.     Also  Annals  of  Philosophy,  vol.  ▼.  p.  40. 

+  See  an  excellent  paper  on  the  respiration  of  fishes,  recently  published  by 
MM.  Provencal  and  Humboldt,  in  Mem.  d'Arcueil,  ii.  259.  Those  gentlemcB 
fMind  that  fishes  not  only  convert  oxygen  gas  into  carbonic  acid  gas,  but  that  ^ 
considerable  proportion  both  of  oxygen  and  azftte  is  absorbed  >lactf^  the  respin 
toTy  process. 

J  See  Jolrason^s  History  of  Animal  Chemistry,  vol.  iii. 

\  See  Davy  on  Respiration^  in  Beddoe^s  Medical  ContribationSk. 
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food  J ;  no  gas,  except  oxygen,  or  those  compounds  containing  it 
in  a  free  state,  gives  to  blood  that  fine  florid  colour  which  it 
possesses  in  the  arteries,  and  which  appears  essential  to  render 
it  capable  of  performing  its  important  offices.  Some  act  upcm 
it  chemically  and  decompose  it ;  while  others,  without  exerting 
any  very  evident  chemical  action,  appear  nevertheless  to  render 
it  of  a  darker  colour  than  venous  blood  itself.  A  question  hat 
arisen  among  physiologists,  whether  the  nitrogen  entering  into 
the  composition  of  atmospheric  air  be  absorbed,  or  other^dse 
altered  in  respiration,  and  consequently  whether  it  be  of  any 
further  use  m  that  function  than  merely  acting  as  a  diluent  to 
the  oxygen.  The  most  common  opinion  at  present  is,  that  it  is 
not  absorbed  in  respiration.  Some  physiologists,  however,  are 
of  a  different  opinion,  and  maintain  that  under  certain  circum- 
stances, it  is  absorbed  in  considerable  quanticy.  The  matter^ 
therefore,  at  present  may  be  considered  as  subjudiceJ* 

Thirdly,  We  come  to  inquire  whether  the  changes  which  take 
place  in  respiration  differ  in  decree  in  different  classes  of  anima)B 
compared  with  one  another,  or  m  different  individuals  of  the  same 
class.  On  this  part  of  the  subject,  good  experiments  are  much 
wanting.  With  respect  to  the  first  consideration,  we  can  only 
speak  generally.  None  of  the  more  perfect  animals  are  capabte 
of  existing,  even  for  a  few  minutes,  without  oxygen ;  while  many 
of  the  inferior  ones  can  exist  for  a  considerable  time  upon  very 
little.  Birds,  from  the  magnitude  of  their  lungs,  and  some  other 
circumstances  of  their  economy,  are  supposed,  generally  speak- 
ing, to  require  most  oxygen,  and  next  to  them  the  mammalia; 
but  I  am  not  aware  that  any  comparative  experiments  have  been 
made  upon  the  subject  which  we  can  rely  upon.  In  both  these 
classes  of  animals,  however,  the  difference  oetween  the  venous 
and  arterial  blood  in  point  of  colour  is  very  striking. 

Fishes,  from  the  circumstances  of  their  situation,  must  con- 
sume much  less  oxygen  than  either  of  the  above  classes ;  and 
frogs,  toads,  and  other  animals  of  this  class  have  been  found  to 
live  much  longer  in  a  given  quantity  of  air  than  birds  or  small 
quadrupeds  of  an  equal  size.  The  differences  also  in  point  of 
colour  between  the  venous  and  arterial  blood  of  those  animals 
which  require  little  oxygen,  are  stated  to  be  very  trifling,  and 
almost  imperceptible.  Vauquelin  found  that  insects  of  the  grass- 
hopper tribe  generally  died  before  the  whole  oxygen  of  the 
vessel  in  which  they  were  confined  was  consumed ;  while  other 
insects,  as  the  bee,  are  stated  to  consume  the  last  particle  of  this 
gas.  From  Vauquelin's  experiments  also  this  appears  to  be  the 
case  with  snails  and  other  molusca,  to  such  a  degree  indeed,  that 
this  chemist  even  recommends  their  use  as  an  eudiometer,  or 
means  of  separating  the  whole  of  the  oxygen  from  a  mixture 

«  For  the  best  observations  bn  the  effects  of  the  differeDt  gases  In  rdH 
Pav>*s  Researches  on  Nitrous  Oxide.  -^ 
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into  which  this  eas  enters.''*'  The  changes  produced  upon  the 
fluids  or  blood  of  these  animals  are  unknown.  As  to  the  second 
consideration,  whether  different  individuals  of  the  same  class 
differ  in  the  degree  of  their  respiratory  powers,  we  have  Ukewise 
no  very  good  experiments ;  and  even  those  we  have,  from  want 
of  due  attention  being  paid  to  circumstances  which  materially 
influence  their  results,  and  which  will  be  considered  more  fully 
under  the  next  head,  can  hardly,  perhaps,  be  fairly  compared 
with  each  other.  In  a  paper  wmch  I  piibtished  some  time  ago 
on  respiration,  I  collected  the  results  of  all  the  chief  experiments 
on  record,  and  arranged  them  in  the  following  tabidar  form; 
and  although  they  do  not  show  the  exact  degree  in  which  indi- 
viduals differ  from  one  another,  they  demonstrate  beyond  a 
doubt  that  such  differences  do  exist.f 

Cubic  Incbrc 

M.  Jurine  of  Geneva  "  imagined  "  that  for  every 
100  cubic  inches  of  atmospheric  air  respired, 

there  were  given  off  of  carbonic  acid 10*00 

Goodwin  estimated  the  quantity  at 10*00  or  11*0 

Menzies^  from  experiments  made  with  considerable 

accuracy,  at 5*00  or   6*1 

I»avoisier  and  Seguin  appear  to  have  made  it  much 
less,  especially  in  their  later  experiments.  From 
the  data  in  my  possession,  I  am  unable  to  ascer- 
tain the  precise  proportion. 

Dr.  Murray  found  it  vary  from 6'20  to    6*5 

Sir  H.  Davy,  from 3-95  to   4-6 

JMEessrs.  Allan  and  Pepys,  from  3*50  to  9*50  per 
cent,  according  as  tne  first  or  last  products  of 
an  expiration  were  tried.    They  estimated  the 

mean  at  about 8*00 

Myself,  from  4*1  to  3'3.     Mean  of  the  24  hours 

about 3-45 

A  friend,  about 4'60 

Dr.  Fyfe,t  about 8-50 

Now  it  will  be  proper  to  observe,  that  it  has  been  estimated 
that  the  lungs  of  an  ordinary  man  contain  about  280  cubic  inches, 
one  seventh  of  which,  or  40  cubic  inches,  is  drawn  in  and 
expelled  at  every  inspiration  and  expiration,  the  number  of  which 
inspirations  and  expirations  in  one  minute  has  been  estimated  at 
about  20.§  Hence,  such  a  man  will  breathe  about  28,800  times 
in  24  hours,  and  take  into  his  lungs,  during  that  period, 
1,162,000  cubic  inches  of  atmospheric  air  ;  and  says  Berzehus, 

*  Amial^s  de  Chimin,  vol.  zH.  p.  273. 

+  Set  Jinnab  of  Philosophy^  vol.  ii.  p.  333. 

f  See  Disseriatio  inauguralis  de  copia  acidi  carbonici  epulmonibus  inter  respi- 
randum  evoloti,  p.  11. 

^  See  Bostock  on  Respiratioo.  Also  Thomson's  Chemistry,  vol.  v.  article 
Respirattoo, 
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on  the  data  of  Messrs.  Allan  and  Pep^^s,  which  are  supposed  to 
be  the  most  accurate^  will  elicit  from  nis  lungs  upwards  of  11  oz* 
of  carbon.  The  quantity  of  water  discharged  from  the  lun» 
during  the  same  time  has  been  estimated  at  about  20  oz.*  With 
respect  to  the  inferior  animals,  I  am  aware  of  no  experiments 
made  upon  different  individuals  of  the  same  class  that  we 
can  compare  with  one  another. 

Fourthly,  We  have  to  consider  whether  tlie  phenomena  of 
lespiration  be  liable  to  any  differences  in  degree  in  the  same 
individual  at  different  times  -,  and  to  this  part  of  our  subject  no 
one^  except  Dr.  Fyfe  and  myself,  seems  to  have  much  attended. 
Our  experiments,  however,  have  led  us  both  to  the  same  conclu- 
sion ;  namely,  that  the  quantity  of  carbonic  acid  gas  found  in 
the  lungs  is  liable  to  be  very  materially  affected  in  its  quantity  in 
the  same  individual  by  various  circumstances.    These  variations 
in  quantity  may  be  considered  as  of  two  descriptions,  viz,  ^efieral 
or  azarno/ variations,  and  particular  variations.     With  respect  to 
the  first,  all  my  experiments  have  tended  to  show,  that  the 
anantity  of  carbonic  acid  g:as  formed  by  the  lun^s  is  greater 
during  the  day  than  the  night,  and  that  the  quantity  begins  to 
increase  about  day-break,  and  continues  to  do  so  till  about  noon, 
and  afterwards  decreases  till  sun-set.    During  the  night  it  seems 
to  remain  uniformly  at  a  minimum*    The  maximum  quantity 
given  off  at  noon,  I  have  generally  found  to  exceed  the  minimum 
by  about  one-fifth  of  the  whole.      Different  days,  however, 
differed  in  all  these  respects ;  and  from  causes  of  which  I  am  at 
present  entirely  ignorant.     Mr.  Brande  states,  that  he  has  found 
the  quantity  given  off  to  be  greater  towards  night,t  but  I  have 
not  observed  this.     As  to  particular  variations,  it  appears  that 
there  are  many  more  circumstances  which  have  a  tendency  to 
diminish  the  quantity  than  to  increase  it ;  and  that  wherever  it 
has  been  inordinately  raised  or  depressed,  either  above  or  bdow 
the  standard,  it  is  subsequently,  in  a  certain  degree,  depressed  or 
raised  above  the  standard,  thus  preserving  upon  the  whole  a 
constant  mean  quantity.    The  passions  of  the  mind  appear  to 
have  a  great  influence  over  the  quantity  ^  those  of  a  depressing 
kind,  diminishing  it,   and  those  of  the  opposite   nature,   the 
reverse.     Exercise,  when  moderate,  appears  to  increase  in  some 
degree  the  quantity ;  but  violent  and  long  continued  exercise 
diminishes  it.    The  greatest  decrease  experienced  was  from  the 
use  of  alcohol  and  vinous  liquors  in  general,  especially  when 
taken  upon  an  empty  stomach.     In  short,  whatever  diminishes 
the  powers  of  life,  as  low  diet,  mercurial  irritation,  &c.  appear 
both  from  Dr.  Fyfe's  experiments  as  well  as  my  own^  to  have 
the  effect  of  diminishing  the  quantity.     The  quantity  is  also 
apparently  much  diminished  during  sleep-     Some  are  of  opinion 
tliat  there  is  more  carbonic  acid  given  ofi'  a  few  hours  after  eat- 


*   Borzelius^s  View  of  Animal  Chemistry,  p.  39. 
f  Phil.  Trans.  I8()9.    Nicbohoq^s  Journal,  yo\. 
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ingf  and  when  the  chyle  may  be  supposed  to  be  entering  the 
sanguiferous  system,  but  I  have  not  myself  observed  tliis  circum- 
stance. With  respect  to  these  observations  in  general,  I  am 
fiilly  aware  that  they  are  too  hmited  and  imperfect  to  be  much 
reUed  upon,  though  I  am  persuaded  that  if  this  part  of  the  subject 
were  duly  investigated,  it  would  throw  a  greal  deal  of  Ught  on 
this  obscure  function.  Imperfect  as  they  are,  however,  they  are 
sufficient  to  account  in  some  degree  for  the  very  great  differences 
in  the  quantity  of  carbonic  acid  gas,  said  to  be  given  off  by 
different  individuals,  as  stated  in  the  preceding  section.  As  far 
as  I  am  aware,  no  similar  experiments  have  been  made  on  the 
inferior  animals. 

Fifthly,  We  come  to  consider  whether  the  blood  as  a  whole, 
or  in  part  only  be  concerned  in  the  production  of  tliese  pheno* 
mena.  This  question  cannot  be  easily  decided  by  experiment 
It  appears,  however,  from  some  observations  of  BerzeUus,  that 
the  colouring  matter  of  the  blood  is  the  priuciple  from  which  the 
carbon  is  chiefly  derived  in  respiration.  "  It  has  been  generally 
beUeved,"  says  this  accurate  observer,  "  that  every  part  of  the 
blood  is  influenced  by  the  air;  that  it  absorbs  oxygen,  and 
exhales  carbonic  acid  gas  ;  but  this  is  not  the  case.  Blood,  in 
which  the  colouring  matter  is  still  contained,  absorbs  oxygen 
gas  very  quickly  when  out  of  the  body,  and  shaken  in  atmo- 
spheric air ;  it  also  retains  at  the  same  time  some  part  of  the 
carbonic  acid  thereby  produced ;  on  the  other  hand,  serum, 
when  destitute  of  colouring  matter,  does  not  change  the  atmo^ 
spheric  air  before  it  begins  to  putrefy."  *  The  colouring  matter, 
however,  appears  to  possess  this  property  in  its  natural  state 
oidy  ;  and  wliilst  it  is  in  contact  with  the  other  principles  of  the 
blood ;  for  if  it  be  separated  and  diluted  with  water,  it  seems  no 
longer  capable  of  being  afligcted  by  the  contact  of  atmospheric 
air  ;  at  least,  it  undergoes  no  change  in  colour .+  This  is  a  very 
important  fact,  and  deserves  to  be  better  investigated. 

We  come  now  to  consider  a  httle  more  closely  the  phenomena 
and  nature  of  these  mysterious  processes,  by  which  substances 
foreign  to  animal  bodies  are  assimilated  to  their  nature. 

The  nature  of  the  digestive  process  has  engaged  the  attention 
of  physiologists  from  the  earliest  times  ;  and  the  aid  of  all  the 
¥arious  physical  agencies  and  sciences  which  happened  to 
occupy  the  attention  of  philosophers  at  the  time,  has  been  snc- 
cessively  called  in  to  explain  its  phenomena.  By  Hippocrates 
it  was  attributed  to  a  sort  of  concoctive  fermentation,  by  Galen 
and  his  followers,  chiefly  to  heat.  By  Helniont,  to  his  archoeus. 
By  the  Jatro-mathematici,  to  trituration.  By  Pringle  and  Mac- 
bride,  to  fermentation.  And,  lastly,  by  Hunter,  Spallanzani,  and 
most  physiologists  since  their  time,  to  the  agency  of  a  peculiar 

*  See  Berzelius's  View  of  the  Progress  and  Present  State  of  Animal  Cbeinistryf 
p.  36. 

f  See  Observations  and  Experiments  on  the  Colour  of  the  Blood.  By  W.  C* 
WelhfM.D.  F.R,S.  Phil.  Traas,  lT9t,  Part  H. 
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ikiid,  secreted  by  the  stomach,  and  denominated  the  gastric 
juice,  the  properties  of  which  will  be  first  briefly  considered. 

From  want  of  proper  attention  being  paid  to  the  heteroge- 
neous nature  of  the  fluids  foimd  in  the  stomachs  of  animals, 
freat  confiision  has  arisen  in  the  description  of  their  properties, 
ordyce  indeed  long  ago  pointed  out  the  necessity  oi  attending 
to  this  circumstance,  but  many  of  his  successors  have  not  mucm 
profited  by  his  observ^ations.  The  fluids  of  the  stomach  may  be 
considered  as  arising  from  at  least  four  diflerent  sources,  each  of 
which  furnishes  a  distinctly  diflerent  fluid.  These  are  the  sail- 
Tary  glands,  the  mucous  coat  and  exhalents  of  the  stomack 
itself  and  the  passages  loading  to  it,  and  lastly,  the  gastric 
«lands,  which  alone  indeed  seem  to  furnish  the  true  gastric 
juice  or  fluid,  which  appears  to  perform  so  important  an  office  ia 
the  function  of  digestion.  The  saUva  of  diflerent  animals  e£ 
course  must  be  very  diflerent.  That  of  man,  according  to  Ber- 
telius,  contains,  like  most  other  products  secreted  by  glands,  no 
■tlbumen,  but  a  pecuUar  animal  matter,  some  mucus  derived 
from  the  mucous  membrane  of  the  mouth,  &c.  s^d  the  usual 
«alts  of  the  blood,  all  dissolved,  or  rather,  perhaps,  suspended  ia 
much  water.  The  mucus  derived  from  the  mucous  membrane 
of  the  stomach  appears  to  resemble  closely  that  of  the  mouth 
and  pharynx.  Ine  fluid  separated  by  the  exhalents  appears  to 
consist,  like  that  fluid  in  general,  of  little  more  than  water  hold- 
ing in  solution  the  salts  of  the  blood.  The  properties  of  the 
Aiid  secreted  by  the  gastric  glands  are  unknown,  it  never  having 
been  obtained  in  a  separate  state.  Its  characteristic  property 
in  all  animals  seems  to  be  that  of  coagulating  milk.*  These 
•different  fluids  then,  with  often  a  portion  of  bUe,  are  always 
found  mixed  together  in  the  stomachs  of  animals,  and  of  course 
*t  different  times  in  very  different  proportions.  Thus  firom  the 
stomach  of  a  dog  I  have  sometimes  obtained  a  Umpid  and 
nearly  transparent  fluid,  incapable  of  coagulating  milk  when 
assisted  by  the  most  favourable  circumstances,  and  apparently 
consisting  of  little  more  than  water.  At  other  times  I  have 
obtained  a  fluid  capable  of  coagulating  milk  very  readily. 

A  question  strongly  agitated  among  physiologists  has  been« 
whether  the  fluids  of  the  stomach  are  naturally  acid  or  alkaline^ 
8pallanzani  maintained  that  they  are  naturally  neutral,  and  this 
opinion  appears  to  be  most  probable  ;  though  the  contents  of  the 
stomach,  when  the  digestive  process  is  going  on,  are  almost 
always  acid.  The  nature  of  this  acid  I  have  not  been  able  td 
ascertain  in  a  satisfactory  manner.  By  some  of  the  older  che^. 
mists,  it  was  asserted  to  be  the  phosphoric.  M-  Montegre 
says,  it  is  the  acetic. t     It  is  evidently  some  volatile  acid,  from 

*  See  experiments  to  ascrrtaio  the  cnagulatin^  power  of  the  secretion  of  the 
|:n$tric  glands.     By  Sir  £.  Home.     Phil.  Trans.  1313.  Part  I. 

f  See  a  short  account  of  the  cxperimentd  of  M.  Montegre  in  tht'  if  4lie 

floyal  Institute  of  France,  for  1812. 
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its  effects  on  litmus  paper,  being  so  very  evanescent.  I  consi- 
dered it  in  the  pigeon  as  the  carbonic.  There  appears,  however, 
to  be  occasionally  another  acid,  which  is  of  a  much  more  per- 
manent nature,  and  is  probably  the  phosphoric  acid — a  circum- 
stance that  has  very  likely  contributed  to  the  above-mentioned 
diversity  of  opinion  on  the  subject.  In  the  fluids  of  the  stomachs 
and  alimentary  canals  of  all  animals  that  I  have  examined,  t  have 
uniformly  observed  distinct  indications  of  the  presence  of  lime 
in  some  slight  state  of  combination.  It  may  be  separated  by 
digesting  a  portion  of  the  alimentary  matters  m  acetic  acid,  and 
fidding  oxalate  of  ammonia  to  the  solution  obtained.  A  cotiious 
white  precipitate  takes  place,  which  consists  of  oxalate  Or  lime 
in  union  with  some  animal  matter,  probably  mucus,  which,  in 
almost  all  instances,  appears  to  contain  Ume  either  in  gome 
peculiar  state  of  combination,  or  perhaps  of  mixture. 

The  fluids  of  the  stomach  are  stated  by  Spallanzani  and  others 
to  possess  strong  antiseptic  powers  both  out  of  the  body  as  well 
as  ui  it.  Thus,  according  to  Spallanzani,  pieces  of  meat  can  be 
preserved  in  them  for  a  long  time  out  of  the  body  without  putre&c- 
tion;  and  a  piece  of  putrid  meat,  it  is  said,  even  becomes  sweet 
in  the  stomach  of  a  dog  in  a  short  time.  This  latter  circtita 
stance,  perhaps,  arises  in  part  from  the  putrid  portions  being 
already  in  a  half  decomposed  state,  and  thus  more  readily  dis- 
solved than  the  sound  parts  which  are  left.  M.  Montegre  denies 
most  of  the  above  observations,  and  conchides  that  the  gtistfic 
fluids  do  not  differ  from  saliva ;  that  they  cannot  stop  putreCeit- 
tion  nor  produce  digestion  independently  of  the  vital  action  of 
the  stomach,  and  that  the  acidity  which  appears,  arises  from  the 
food  during  the  digestive  j)rccess,  and  is  the  effect  of  the  action 
of  the  stomach  ;  of  these  conclusions,  however,  the  first  ity  cer- 
tainly erroneous.  Some  idea  of  the  quantiti/  of  the  gastric  flnids 
may,  perhaps,  be  formed  from  the  fact  formerly  stated,"  that 
upwards  of  half  an  ounce  of  fluid  was  pressed  from  the  cotitents 
of  the  stomach  of  a  rabbit  fed  on  perfectly  dry  food. 

The  contents  of  the  stomachs  of  auimals  feeding  on  vegetable 
substances,  even  when  apparently  fully  digested  and  aooat  to 
pass  the  pylorus,  exhibit  no  traces  of  an  albuminous  princij^; 
the  moment,  however,  they  enter  the  duodenum,  they  undergo 
a  remarkable  change,  not  only  in  their  appearances,  but  their 
properties.  These  changes  appear  to  be  chiefly  induced  by  the 
action  of  two  secreted  flaids  with  v/hich  they  there  come-iQi.co0- 
tact,  and  are  intimately  mixed.  These  are  the  bile  and  panereatic 

^*uice,  on  the  nature  of  which  we  shall  make  a  few  remarks.'  The 
)ile  consists  chiefly,  according  to  the  accurate  observations,  ^f 
Berzelius,  which  agrea  with  my  own,  of  a  large  proportkHi' of 
water  holdin;>-  in  solution  a  peculiar  bitter  substance,  named  the 
biliary  principle — of  the  mucus  of  the  gall  bladder,  and  of  the 
usual  salts  contained  in  tlie  blood  and  in  all  the  fluids  secreted 
from  it.    The  properties  of  the  pancreatic  juice  I  never  could 
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satisfactorily  ascertain ;  butit  has  usually  been  considered  as  analo- 
gous to  the  saliva ;  and  if  this  opinion  be  correct,  it  may  be  safely 
CQnsidered  as  containing  ho  albumen.  The  changes  produced  in 
the  digested  alimentary  matters  by  these  fluids  are  evidently  of  a 
chemical  nature.  A  gaseous  product  is  usually  evolved ;  a  distinct 
pre<upitation  of  the  biUary  prmciple  in  apparent  union  with  some 
others,  chiefly  of  an  excrementitious  nature,  takes  place ;  the 
mixture  becomes  neutral ;  and  an  albuminous  principle  is  formed^ 
at  least,  traces  of  this  principle  appear,  which,  however,  oecome 
much  more  distinctly  visible  at  some  distance  from  the  pylorus.*  I 
tried  to  produce  these  changes  out  of  the  body,  ana  with  this 
view  mixed  a  portion  of  the  fluid  obtained  from  the  contents  of 
the  istomach  of  the  rabbit,  formerly  described,  with  a  portion  of 
the  bile  of  the  same  animal.  A  distinct  precipitation  todk 
jdace,  and  the  mixture  became  neutral ;  but  although  I  thought 
that  the  resulting  fluid  was  more  of  an  albuminous  nature,  vet 
the  formation  ot  a  perfect  albuminous  principle  was  doubtnil ; 
probably  the  presence  of  the  pancreatic  juice  was  necessary  to 
complete  the  formation  of  this  principle  .f  The  proportion  of 
this  albuminous  principle,  after  a  certain  distance  from  the 
pylorus,  decreases  rapidly  as  we  descend  the  alimentary  canal, 
and  at  leiigth  nothing  is  left  but  excrementitious  matters,  con- 
sisting chiefly  of  the  undissolved  parts  of  the  food,  combined 
with  uie  mucus  of  the  intestines,  and  the  biUary  principle  some- 
what altered  ia  its  nature.  Further  changes,  the  nature  of 
which  is  not  very  well  understood,  take  place  in  these  matters, 
more  especially  in  the  cceca  and  large  intestines  of  those  animals 
which  feed  on  vegetable  substances.  Here  it  is  they  assume  the 
usual  excrementitious  appearance.  Some  think  that  various 
matters,  noxious  to  the  economy,  are  excreted  here ;  while  others 
consider  this  part  of  the  alimentary  canal  to  be  a  sort  of  second- 
ary stomach,  intended  to  digest  those  substances  which  escape 
the  solvent  power  of  the  first.  Both  these  opinions  may  be  in 
part  correct. 

The  phenomena  of  chyliflcation  have  been  still  less  satis- 
factorily observed  than  those  of  chymification.      It  seems, 

*  It  is  true  that  in  two  of  the  specimens  of  chyme,  that,  namely,  of  (he  dog  fed 
on  vegetable  food,  and  that  of  the  ox,  described  in  a  former  part  of  (his  paper,  no 
traces  of  albumen  were  obtained.  From  my  not  having  collected  either  of  (hese 
•pecioMOs  myself,  I  cannot  be  supposed  to  be  able  to  account  satisfactorily  for  this 
circmoftance.  In  the  first  instance,  the  dog  had  been  fed  on  a  species  of  food 
which  was  unnatural  to  him,  and  the  quanti(y  of  albumen  was  small,  even  in  the 
chyle  of  the  same  animal;  probably,  therefore,  the  whole  had  been  taken  up  from 
•the  intestines.  In  the  other  instance,  the  chyme  had  been  kepi  for  some  time  before 
I  examined  it,  and,  beside,  seemed  to  contain  an  unnaturally  large  proportion  of 
bile.  Hy  not  finding  albumen  in  these  substances  occasioned  me  to  consider  i(s 
presence  to  be  much  less  general  than  I  have  since  found  it,  and  to  be  probably 
confined  to  the  carnivorous  animals. 

t  I  by  no  means  wish  to  be  understood  to  assert,  ttl  «  and  pancreatic 

juice  are  the  sole  agents  operating  to  produce  this  chHi  llal  action  of  the 

duodenum  itself  must  be  probably  taken  into  accoanU 

Vol.  XIII,  N°  IV,  S 


274  JDr.  Prout  4m  the  Phenomena  of  Sarngmfication^  [A»tiV 

however^  to  be  placed  beyond  a  doubt  that  the  propoitionrof 
albuminous  matter,  and  especially  of  fibrin,  is  mucn  less ;  or  at 
least  their  principles  exist  in  a  much  less  perfect  state  in  the 
chyle  as  innnediately  taken  up  from  the  intestines^  tfaaii  tf  it 
exists  in  the  thoracic  duct,  and  about  to  enter  the  sanguiferoai 
system.  A  portion  of  these  albuminous  principles^  iherefoie,  k 
evidently  either  formed  altogether,  or  its  formation  is  coift- 
pleted  during  the  passage  of  the  chyle  through  the  lacteal 
vessels.  Perhaps  the  last  view  of  the  subject  is  most  probable, 
and  it  has  accordingly  been  in  conformity  with  this  view  that  1 
have  ventured  to  c  w  by  the  name  of  incipient  albumen  a  pecu- 
liar principle  uniformly  found  in  the  chyle  of  the  mammalii^  and 
which  appears  to  decrease  in  quantity  as  the  two  albammoiiB 
-  principles  increase.  Concerning  the  nature  of  this  princij^ 
various  opinions  have  been  entertained.  One  of  the  oldest  and 
most  common  has  been,  that  it  is  similar  to  the  caseous  princq^e 
of  milk,  and  the  chyle  in  consequence  was  long  considered  as 
analogous  to  milk  in  its  properties.  What  makes  the  leamr 
blance  still  more  striking  is,  mat  in  chyle  an  oily  or  butyracecffs 
fluid  is  verjr  often  present,  which,  rising  to  the  top  of  tKe  soroB, 
in  conjunction  with  the  caseous^like  pnnciple  of  which  we  ban 
been  speaking,  form  an  appearance  exactly  resemUing  tbe 
cream  of  milk,  and  these  principles  are  often  so  abundant,  espe- 
cially in  the  chyle  of  animals  fed  on  flesh,  that,,  as  Dr.  Maitet 
has  observed,  they  may  be  very  readily  detected  even  in  the  blood 
itself.  Vauquelin  remarked  the  near  resemblance  of  this  Aitty 
matter  to  that  which  he  extracted  from  the  brain ;  and  Ilttd 
made  the  same  remark  before  I  had  seen  Vauquelin'iB  paper,  not 
indeed  with  respect  to  the  fatty  matter  (for  I  believe  none  exists 
naturally,  in  the  cerebral  mass  of  the  mammalia  at  least),  bvt 
with  respect  to  the  pecuUar  matter  which  has  been  eompaml  to 
the  caseous  part  of  milk,  and  which  certainly  very  closely  ressm- 
Ues  in  its  chemical  properties  the  substance  of  the  brain.  HoMe 
I  once  thought  it  likely  that  this  principle  was  designed  tpfinrn 
ihe  cerebral  and  nervous  substance ;  but  this  opinion  I.nuist 
confess  is  founded  on  very  slender  grounds^  and  tne  prabalslt^ 
is  much  greater  that  it  is  nothing  but  the  albuminous  coBlcnts 
of  the  blood  in  an  imperfect  state. 

But  it  will  be  doubtless  asked,  if  albumen  be  formed  in  tte 
.^uodenum,  why  it  is  not  all  formed  there.  To  this  it  may  be 
answered,  that  the  formation  of  albumen  appears  to  ie(|iHfe  a 
certain  time  to  be  completed;  for  I  have  uniformly  found  die 
greatest  quantity  of  albumen  Hot  immediately  below  the  pylons, 
where  we  might  expect  to  find  it  if  its  formation  were  instanta- 
neous, but  at  some  distance  fiirther  down :  we  nmy,  therefore, 
conclude  with  Dr.  Marcet,  that  in  those  animals  wnose  food  is 
•pioductive  of  a  ^eat  deal  of  chyle,  and  especially  in  carnivorous 
animals,  this  fluid  is  taken  up  hy  the  lacteals,  waA  even  some- 
tipes  reaches  the  blood,  before  it  can-actually  be  converted  into 
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MBlbimiflm  but  that  tbiift  change  nevertheless  takes  place  after- 
warcts  either  in  consequence  ©f  the  original  tendency  given  to  it 
in  the  duodenum^  or  of  the  subsequent  action  of  the  absorbent 
veasfte,  &c.  through  which  it  passes.  If  it  be  objected  as 
tialjkish^  that  the  lacteals  should  take  up  such  imperfectly 
fi)nbea  and  crude  materials^  it  may  be  answered  that  they  often 
4ake  up  substances  much  more  dissimilar  to  those  which  are 
natural  to  them,  as  has  been  often  found  by  actual  experiments 
-made  with  musk,  colouring  substances,  &c.  and  indeed,  as  is 
jsafficiently  proved  by  daily  experience,  with  medicinal  substances, 
JBftnv  of  which  do  not  appear  to  operate  till  taken  into  the  mass 

43f[  mood. 

My  readers  will  doubtless  remark,  that  I  have  not  mentioned 

)  existence  of  fibrin  and  the  red  particles  in  the  duodeniun, 

:Vhich  ought  to  be  the  case,  provided  the  original  notion,  stated 

^it'the  oommencement  of  this  essay,  were  weU  founded.    To  this 

i  answer,  that  although  I  never  could  completely  satisfy  myself 

ioi  tibte  actual  existence  of  fibrin  in  the  duodenum,  yet  I  often 

-  «oticed  that  its  contents  underwent  a  distinct  and  remarkable 

^^iofaange  on  exposure  to  the  air,  and  which  appeared  analogous 

tDc^tkat  sort  of  dissolution  which  we  stated  the  coagulum   of 

tdhyle  to  under^  when  placed  in  similar  circumstances ;  that  is 

4fr.u9^Ty  Skom  bemg  generally  of  a  glairy  and  rather  firm  consists 

^wofiii^.  they  became,  aft;er  an  hour  or  two,  thin  and  ichorous. 

:-;{Diiit;7fibriny  however,  is  occasionally,  if  not  always,  formed  in 

.;^ij^  duodenum,  is  very  probable,  from  its  being  found  in  the  lac- 

^jieeik  immediately  after  it  has  been  taken  up  firom  the  intestines. 

^cfiopie.iBdcied  may  feel  incUned  to  attribute  its  formation  to  the 

<!labteof  ahsorption  ;  but  firom  what  has  been  said  above,  it  seems 

TJei^rMlEflly.  that  this  is  httle*else  than  a  mechanical  process. 

Wnpsspectto  the  red  particles,  they  certainly  do  not  exist  as 

-xfiadHpailaeles  in  the  duodenum,  nor  even,  perhaps,  in  the  chyle 

:*itsmyxhite  particles,  however,  are  found  m  the  chyle  at  a  very 

i-ifmrhr  pexiod  of  its  formation,  and  these,  in  part  at  least,  appear 

^^o^'have  the  property  of  becoming  red  on  exposure  to  the  air ; 

viB6r^chyle,  as  we  formerly  stated,  assumes  a  pmkish  hue  after  it 

?'jns..been  removed  some  time  from  the  thoracic  duct.    These 

white  particles,  therefore,   are  probably  the  same  as  the  red 

.<4iaffcicles^  the  red  colour  not  being  developed  (at  least  completely) 

vfittxlJbkejf  have  been  exposed  to  the  action  of  the  air  in  tlie  lungs. 

'.'Bidrp^s,  however,  evidently  another  variety  o(  white  particles  in 

lihQiChyle  besides  those  destined  to  become  the  future  red  parti- 

re.liii^*f<\  These  are  much  larger,  and  appear  to  be  formed  of  the 

.  rj^Aseows-Hke  and  oily  principles  stated  to  exist  in  chyle,  and 

wUfih  Qre  insoluble  in  the  serous  portion-  «"^-  therefore,  natu- 

riUly  aaaume  the  globular  form,  like  oil  ^  Hropgh  water. 

Lastfy>  We  have  to  consider  the  modL  Qr  ^        ^  those 

agents  which  operate  in  the  production  «»  "  ^eno- 

mena  of  assimilation ;  and  upon  this  patt  oat 

s2 
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be  confessed  our  knowledge  is  lamentably  deficient.  The  chief 
object  of  the  digestive  process  appears  to  be  to  produce  afii 
aqueous  solution  of  the  ahmentary  matters ;  and  the  chief  agents 
wnich  operate  in  producing  this  solution  appear  to  be  the  nuids 
of  the  stomach;  but  how  these  agents  operate, .  very  Utfle  is 
known.*  Their  operation,  however,  appearsrto  c(HiBist,  in  gait 
at  least,  in  combining  with  the  food,  ana  thus  forming  a  terhtun 

2uid  different  from  either,  though  partaking  of  the  nature  of 
oth ;  for  all  the  phenomena  seem  to  warrant  me  conclusicm,  that 
the  gastric  fluids  form  a  necessary  part  of  the  chyme,  and  thus 
ultimately,  perhaps,  of  the  bipod  itself.  The  nature  of  the  apeor 
tion  of  the  bile  and  pancreatic  fluid  has  formed  a  fertile  source 
of  conjecture  to  physiologists  from  the  earUest  times.  To  mention 
all  the  opinions  tnat  have  been  held  on  this  subject  would  be 
worse  than  useless.  Boerhaave  maintained,  that  its  chief  use  is 
to  correct  the  acidity  of  the  digested  mass  as  it  passes  from  the 
stomach  into  the  duodenum ;  and  in  all  the  instances  whi<^  I 
have  witnessed,  the  acid  digested  aUments  have  been  rendem 
neutral  on  mixture  with  the  bile.  M^ether  this  be  a  ootxSlfM 
effect,  I  cannot  say.  The  biliary  principle  does  not  am>^tx> 
enter  into  the  chyle,  as  has  been  long  observed  by  pbysiotd^iBfB, 
but  other  principles  of  the  btle  do ;  among  these,  pernaps,  is  tite 
alkali  which  it  contains,  and  which  is  very  probabfy  the  sOitroe" 
of  that  alkaU  which  exists  in  some  slight  state  of  combinatiM  ib 
the  blood.  The  presence  of  bile,  however^  does  not  app^jCo 
be  a  sine  qua  non  in  sanguification,  as  this  process  goes  on  toil 
certain  extent,  when  the  ductus  communis  chokdochus  seeiias'jfo 
be  completely  obstructed  by  biliary  concretions,  or  even  wbj^ 
secured  oy  a  ligature  if  we  can  believe  Fordyce.  The  nature '()f 
the  operation  of  the  pancreatic  fluid  is  entirely  unknown,  'is% 
that  of  the  lacteal  vessels  and  glands  connected  with  th(^ 
Some  have  supposed  that  the  glands  secrete  a  fluid,  Whidi 
mixes  with  the  chyle  in  its  passage  through  them — that  thqf 
ordinarily  produce  some  change  m  the  chyle  appears  to^be 
evident  firom  the  fact  which  has  been  long  observed^  thd£  ti|B 
fluid  passes  from  them  less  white  and  opaque  than  'wh^h  it 
entered  them.  The  chyle  in  its  passage  toward?  thei  "dioraCib 
duct  becomes  mixed  with  the  fluids  brought  by  the  lyinpli^ttcs 
firom  all  parts  of  the  body,  which  fluids,  if  they  exert  ho  ijthsr 
action  upon  it,  must  at  least  have  the  effect  of  rendering  it  tDs^ 
more  animalized,  if  I  may  use  the  expression,  and  thua  of  coun- 
teracting the  ill  effects  which  a  crude  fluid  like  the  ehyle  w6|!ija 
probably  produce  on  the  system  by  passing  undihitea  iiitb  the 


\       ..'■!„* 


*  M^heq  the  par  va^ffi  is  divided,  the  digestive  process  is  nldta  be.aqspeaM* 
AdmiUiD^  this,  some  will  be  iuclined  to  explain  it  on  the  |;eDeral  priBci|d(^  tJMt^ 
secretion  is  the  effect  of  nenrous  action,  and  that  in  the  present  instance,*  the  8r<!re- 
tion  of  the  flaids  requisite  to  di|^stion  is  suspended.  Dr^  Wilson  PfaiUf^Jms  l#(e|y 
Attempted  to  thow.  that  Ealvanism  may  be  substituted  fprli^ou  Mtioa  b  UtU 
jnfflhce.  ■  '      '-'-^'^  •  -'^^  '■ 
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With  respect  to  the  intimate  nature  of  respiration,  we  are 
ahnost  as  ignorant  as  of  that  of  the  other  steps  of  the  assi- 
milating process.  Is  the  carbonic .  acid  given  off  as  car- 
bonic acid  by  the  blood,  and  an  equal  rolimie  of  oxygen 
gas  absorbed;  or  is  the  carbon  only  given  off,  which,  by 
combining  with  the  oxygen  of  the  atmosphere,  forms  the 
carbonic  acid  ?  With  respect  to  this  important  point,  physiolo- 
^ts  have  differed  much  in  opinion.  Some,  as  Hassentratz,  and 
Lagrange,  supposed  that  the  oxygen  penetrates  the  delicate 
vessels  of  the  lungs,  remains  in  the  arterial  blood  in  a  state  of 
solution  or  loose  combination,  till  it  reaches  the  capillaries^ 
where  it  passes  into  more  intimate  combination  with  carbon, 
and  thus  forms  carbonic  acid,  in  consequence  of  which,  the 
blood  passes  into  the  venous  state,  and  that  this  carbonic  acid 
lies  dormant  in  the  venous  blood  till  it  reaches  the  lungs,  where 
it  escapes  in  a  gaseous  form,  and  a  new  portion  of  oxygen  is. 
absorbed.  The  most  common  opinion,  however,  is,  that  the 
carbonic  acid  gas  is  formed  in  the  lungs  by  the  union  of  the 
carbon  of  the  blood  with  the  oxygen  of  the  atmosphere,  though 
physiologists  differ  as  to  the  precise  mode  in  which  this  union 
takes  place,  some  supposing  that  the  oxygen  actually  penetrates 
the  delicate  membrane  hning  the  lungs,  and  forms  the  carbonic 
acid  tmVAin  the  vessels ;  and  others,  especially  Mr.  EUis,  con- 
tending that  the  carbon  escapes  through  the  same  membrane, 
and  combines  with  the  oxygen  without  the  vessels.'*''  As  to  the 
opinion,  that  the  oxygen  is  not  absorbed  into  the  blood,  but  that 
the  carbonic  acid  gas  is  formed  in  the  lungs,  it  is  certainly  by- 
far  the  most  probable  in  the  present  state  ot  our  knowledge.  We 
know,  for  example,  that  oxygen  eas  on  being  converted  into, 
carbonic  acid  gas,  is  not  changed  in  volume ;  and,  as  before 
observed,  the  most  accurate  experiments  on  respiration  appear  to 
show,  that  during  this  function,  a  volume  of  oxygen  ordinanly  dis- 
appears, precisely  equal  to  that  of  the  carbonic  acid  gas  formed  t 
—a  fact  which  it  is  extremely  difficult  to  accoimt  for  on  any  other 
supposition ;  for  it  is  very  unlikely  that  this  coincidence  in 
volume  shoiild  so  uniformly  occur,  if  the  phenomena  were  not 
more  intimately  connected  as  cause  and  effect  than  they  would 
necessarily  be,  on  the  supposition  that  the  carbonic  acid  is 
given  off  from  the  blood  as  carbonic  acid,  and  the  oxygen 
absorbed. 

With  regard  to  the  particular  manner  in  which  the  carbonic. 
acid  is  formed,  whether  internal  or  external  to  the  vessels,  I 
confess  I  have  no  decided  opinion.  It  seems  most  probable 
that  the  carbon  is  excreted,  perhaps  in  a  state  of  solution  in  the 
watery  vapour  which  is  elicited  from  the  blood,  and  that  it  com- 
bines with  the  oxygen  of  the  air  at  the  moment  it  escapes  from 
the  eximlents..    For  it  is  not  easy  to  conceive,  imder  the  circum- 

*  See  EUis  on  Respiration. 

f  See  Experiments  on  Respiration,  by  Messrs.  Allan  and  Pepys^  Phil«  Tcasik. 
180S  and  1809. 
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ftances  in  wbich  the  lungs  are  placed,  how  oxygen  can  be  passing 
in  and  vapour  passing  out  through  ^e  same  membrane  at  A9 
same  time.  Fturther  we  learn,  from  M.  Majendie's  experiments, 
which  have  been  repeated  with  success  by  M.  Orfila,  that  phos^ 
phorus  dissolved  in  oil,  and  injected  into  the  jugular  vein  of  % 
dog,  is  expelled  by  the  mouth  and  nostrils  in  the  K>rmof  eopiooft 
vapours  of  phosphorous  acid,*  which  could  hardly  have  oecu 
the  case  if  tlie  phosphorous  acid  had  been  formed  within  the 
vessels  ;  as  in  this  case,  we  should  have  supposed  it  would  have 
remained  in  solution  in  the  blood,  it  not  being  a  volatile  sub* 
stance.  We  may,  therefore,  suppose,  that  the  phosphorus  was 
excreted  in  a  state  of  minute  division  from  the  vessels  of  the 
lungs,  and  meeting  in  this  state  with  the  oxygen  of  the  atmo< 
sphere,  formed  the  phosphorous  acid  in  question ;  and  if  thui 
reasoning  be  admitted  with  respect  to  phosphorus,  1  caiinot  see 
why  it  should  not  be  admitted  with  respect  to  carbon. 

It  has  been  supposed,  as  before  mentioned,  that  one  uk  of 
respiration  is  to  convert  the  chyle  into  blood,  which  process  is 
stated  to  be  effected  by  the  removal  of  redundant  carbon  ;  aod  it 
has  been  maintained  in  support  of  this  opinion,  that  mo^e  dtfv 
bonic  acid  gas  is  given  off  when  the  chyle  is  supposed  €0  be 
entering  the  blooa.  Admitting  this  use  of  respiration^  tke- 
ttianner  stated  cannot  be  that  in  which  the  change  m  qij^estioni^ 
effected  ;  for  if  it  were,  animals,  after  long  fasting,  and  whes 
ihere  was  no  chyle  to  assimilate,  might  be  supposed  to  east 
little  or  no  carbonic  acid,  and  in  short  to  be  able  to  do  v?itbODt 
respiration,  which  is  contrary  to  observation;  besides^  fitny 
animals  after  eating  naturally  sleep,  in  which  state  it  ie  gen^Mdiy 
acknowledged,  that  Uttle  carbonic  acid  is  given  off;  but  if  ive 
even  admit  that  more  carbonic  acid  is  ^ven  off  afler^lraelikigi 
which  to  a  certain  extent  may  be  true,  this  fact  may^  pfdrtimi 
be  better  explained  upon  other  principles.  What  then^'is  Wt 
real  nature  and  use  of  respiration  r  Does  nothing  take  plteeJn- 
this  function  but  the  separation  from  the  blood  of  a  little  taper* 
fluous  carbon?  If  this  were  its  only  use,  why  are  pte<asefy  the 
same  processes  uniformly  adopted  ?  Could  not  this  carbon^  be 
got  rid  of  equally  well  in  various  other  ways,  as,  for  exaiiiiple^  in 
me  form  of  carburetted  hydrogen,  &c.  ?  Why  is  oxyg«f»  alwttfs 
necessary,  which  apparently  never  enters  the  economy,  but  ift 
instantly  expelled  under  tne  form  of  carbonic  acid 5  -These 
obvious  questions  have  been  oflen  asked;  and  physiologists  Itoe 
puzzled  their  brains  to  discover  a  result  moref  adequate  tcF  n 
process,  so  important  in  the  animal  economy  as  respiratidt^Jnit 
iifter  all,  their  labours  have  not  been  very  succesirfiri,  Msiay 
theories  have  indeed  been  formed  on  this  subject,  and  tiU  fartefyi 
^e  of  them,  which  supposed  animal  heat  to  be  ^e  result  itfvtoe 
tespiratory  process,  was  pretty  generally  admitted ;  bii^^  ^ 

•  See  Experiences  pour  serrir  I  I'Histoire  de  la  TrsnniFfttion  PoWcM^iie: 
M^oire  Ju  I  riostituf.  de  France,  ta  Uil.  a«  IS«    Also  OrSJa't  to](i^c^t 
&i»ciai<!^  roffl.  J.  Part  H.  p,  W.  s      . 
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date  apon  which  this  pretended  explanation  was  founded  have 
been,  recently  controveited,  the  whole  fabric  must  M  to  the 
graimd.  Still,  however,  it  appears  indubitable,  that  both  the.' 
asfldmilation  of  the  chyle  and  the  fbnnation  of  animal  heat  are 
intimately  connected  with  respirati(m,  though  from  the  vital 
character  of  the  processes,  we  shall  probaUy  ever  remain  igno- 
raat  of  their  precise  nature. 

(r«  ie  anUimted,) 
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Origim  of  Steam-Boats,  and  Description  of  Stevenson^s  Dabwin^ 
ton  oteam-Boat.    By  a  Civil  Engineer.    (With  a  Plate.) 

Among  the  various  important  mechanical  uses  to  which  Mr. 
Walt's  improvements  on  the  steani-engine  have  enabled  us  to 
oppljr  steam  as  a  power,  that  of  propelling  vessels  without  the  aid 
m  winds  or  of  tides,  not  only  m  rivers,  but  in  large  friths  and 
arms  of  the  sea,  is  none  of  the  least ;  and  it  is  only  the  difficult 
of  procuring  a  sufficient  supply  of  fuel  which  now  prevents  it 
from  being  extended  generally  to  the  wide  expanse  of  the 
ocean. 

It;is  somewhat  more  than  a  century  since  the  first  invention 
of  the  steam-engine,  by  Savary  and  the  Marquis  of  Worcester. 
Ilivas  afterwards  improved  by  Newcomen,  who,  in  conjunction 
intix  Savmy,  obtainea  a  patent  for  its  invention  and  improvement 
tx^the  year  1706.  About  1712,  it  appears  to  have  been  first  used 
foTipumping  water  at  coUieries;  and  before  1720,  it  had  come 
into  pretty  general  use.  In  172i5,  a  Jire-^ng^ne  was  erected  all 
the  collieries  of  Edmonstone,  which  was  probably  the  first  upon 
Newoomen's  plan,  which  was  erected  in  Scotland. 

The  early  history  of  the  steam-engine  has  been  pretty  care* 
fttUy  ajioartained,  and  is  generally  known ;  but  what  we  wish 
to  establish  in  the  present  case  is,  tne  period  at  which  the  steam- 
engine  was  first  employed  afloat  as  the  propelling  power,  in  order 
that  w^  may  be  enabled  to  daim  it  distmctly  as  a  British  invent 
tion.  Accordingly  it  appears,  in  the  year  1736,  that  Jonathan 
HnUs^  of  London,  obtained  a  patent  for  the  invention  of  a  steam- 
boat en^ne,  which  will  be  found  among  the  Ust  of  British 
patefits  for-  that  year.  In  the  year  following,  Mr.  Hulls  pub 
uafa^  a  pamphlet  upon  his  invention,  to  which  he  has  given  th^ 
fdkminfi^tiue,  viz.:  '' A  Description  and  Draught  of  a  new- 
inveiiteff  Machine  for  parrying  Vessels  or  Ships  out  of  or  into 
airr  Harbour,  Port,  6r  Biver,  against  Wind  and  Tidis.  or  in  a 
Calm;  by  J.  Hulls,  London.    Printed  for  the  Ap  '37. 

Vnct  6dL*'    In  this  pamphlet,  various  problems  utl  Hos 

are  contaiented  upon,  by  which  the  operatiou  Cl(  \k 
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illustrated.  But  these  are  more  applicable  to  the  ea 

of  that  engine  than  to  the  present  times ;  and;  tberel 

rather  follow  him  in  his  description  of  the  tnechanismofbii 

steam-boat  and  engine  in  the  following  terms  t 

''  In  some  convenient  part  of  the  tow-boat^  there  is  placed  a 
vessel  two-thirds  fUI  of  water,  with  the  top  clogs  shnt;  this 
vessel  being  kept  boiling,  rarefies  the  water  into  stekm;  this 
steam  being  conveyed  through  a  large  pipe  into  a  cylindrical 
vessel  is  there  condensed,  and  makes  a  vacuum,  which  cacoses 
the  weight  of  the  atmosphere  to  press  on  the  vessel,  and  so 
presses  down  the  piston  that  is  fitted  into  this  cylindrical  vessel 
m  the  same  manner  as  in  Newcomen's  engine." 

'^  It  hath  already  been  demonstrated,  that  upon  a  vessel 
of  30  inches  diameter,  which  is  but  2^-  feet,  when  the  air  is 
drawn  out,  the  atmosphere  will  press  to  the  weight  of  4  tons 
16  cwt.  and  upwards ;  therefore,  when  proper  instruments  for 
work  are  applied  to  it,  it  must  drive  a  vessel  with  great  force." 

We  have  distinctly  here  the  application  of  the  steam-enrine. 
m  1736  as  a  propelling  power  to  a  vessel  afloat,  or  in  oSwr 
words,  the  discovery  of  the  steam-boat:  and  althoufich,  as  fiu^'ss 
we  know,  the  inventor  confined  his  views  to  ihl  navigati<» 
of  rivers  and  the  entrance  of  harbours,  yet  it  is  easy  to  see  how 
it'  might  and  has  been'  extended  to  friths  and  arms  of  the  sea, 
and  may  be  extended  to  more  distant  voyages. 

We  find  accordingly  that  the  late  Patrick  Miller,  Esq^  of 
Pal$winton,  in  Scotland,  in  the  course  of  his  various  and  inge- 
nious investigations  into  the  proj)er  mechanism  and  sailing  of 
ships,  constructed  some  vessels  with  double  and  triple  k^ls, 
to  oe  worked  with  sails,  and  also  with  a  steam-engiifre.  "By  a 
letter  from  Mr,  Miller  to  Mr.  George  Salmond,  of  Glasgchr, 
dated  Jan,  12,  1815,  it  appears  that  Mr.  Miller  was  employed  in 
these  pursuits  prior  to  the  year  1787,  when  he  wrote  a  treatise, 
of  which  he  presented  copies  to  the  following  illustrious  person- 
ages :  to  use  his  own  language,  *'  in  the  first  place,  to  our  Kong, 
also  to  the  late  King  of  France,  to  the  Emperor  of  Russia,  to 
Holland,  the  Kings  of  Sweden  and  Denmark,  and  other  Sove- 
reigns ;  I  also  sent  copies  thereof  to  the  President  of  America, 
Mr.  Washington,  to  the  then  Ambasss^dor  fix)m  America  to  our 
Court  at  London,  and  also  to  Dr.  Franklin.    Of  this  treatise,  I 
also  sent  a  copy  to  the  Advocates'  library,  and  another  to  the 
University  of  Edinburgh,  and  to  the  Universities  of  Cambridge 
and  Oxford,  and  the  Royal  Society  at  London.'* 

Mr.  Miller  also  made  various  experiments  about  that  time  on 
the  Forth  and  Clyde  canal,  with  a  boat  fitted  up  "^th  a'steam- 
f  ngine ;  *  and  he  mentions,  in  the  letter  above  alluded  to,  that 
these  experiments  succeeded.  TTie  late  Earl  of  Statdiope, 
famous  as  a  mechanical  philosopher,  laboured  for  years  with  the 
steam-boat  at  his  seat  of  Chevening,  where  he  afterwards  tried 

/     *  The  5ieain-f  ngiQe  in  Mr.  MUler^s  \»oaU  \««a  «m^\Q^«&  tA  tura  a  wbecl  pre* 
cMy  as  is  practised  at  present  in  ftUam-botiU* 
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many  experiments  upon  a  lake  in  his  grounds.  The  experi- 
ments by  Mr.  Miller  on  the  Forth  and  Clyde  canal,  we  nave 
been  informed,  were  either  seen  by,  or  communicated  to,  the  late 
Mr.  Fulton,  engineer  of  America,  who,  it  is  believed,  was  a 
native,  at  least  resided  in  this  part  of  Scotland,  but  afterwards 
went  to  America,  where  he  had  the  merit  and  the  honour  oi 
introducing  the  steam-boat  upon  an  extensive  scale  on  the  great 
rivers  and  lakes  of  that  country ;  so  that  we  can  trace  this  inven- 
tion most  indisputably  to  a  British  origin. 

It  is  not  a  little  remarkable  in  the  history  of  the  arts^  and 
forms  a  striking  instance  of  the  slow  and  progressive  steps  by 
which  they  advance,  that  that  most  elegant  and  useful  discoveiy, 
the  steam-boat,  first  brought  forward  in  1736  by  Jonathan  Hulb^ 
of  London,  and  afterwards  publicly  investigated  and  tried  by- 
Lord  Stanhope  and  Mr.  Miller,  of  Dalswinton,  should  have  been 
carried  to  America,  and  there  first  have  changed  its  character  from 
mere  experiment  to  extensive  practice  and  utiUty^  and  that  it 
should  again  have  been  introduced  into  Britain  upon  the  expe- 
rience of  Americans  only  so  lately  as  the  year  1813,  when  it  was 
first  employed  upon  the  river  Clyde,  by  Mr.  Bell,  of  Helensr 
burgh,  m  [Dumbartonshire.  From  this  period,  however,  it  has 
been  extended  to  all  parts  of  the  united  kingdom,  and  to  several 
of  the  continental  states ;  and  though  a  subject  still  in  its  infancy, 
it  wiU,  without  doubt,  be  carried  to  much  greater  extent  by  thq 
discoveries  of  the  ingenious  and  the  adventurous  spirit  of 
seamen. 

In  tae  steam-boat  as  now  principally  used  in  Great-Britain, 
tod. very  generally  in  America,  the  paddles,  or  wheels,  are 
placed  «pon  the  outside  of  the  gunwales  of  the  vessel,  which 
add  mxKh  to  her  breadth,  and  render  her  extremely  inconve- 
nient and  liable  to  accident  in  harbours  and  rivers,  especially 
when  these  happen  to  be  crowded  with  shipping.  From  the 
circumstance  of  the  extraordinary  breadth  of  the  steam-boat,  shie 
is  not  only  much  impeded,  but  she  is  foimd  greatly  to  haipper 
the  navigation  o{  narrow  fareways,  containing  a  breadth,  in  some 
instances,  of  no  less  than  30  feet  over  all,  and  must  accordingly 
bie  greatly  exposed  to  accident  in  being  frequently  run  foul  ofby 
other  vessels.  The  following  desiderata  seem  much  to  be 
wanted  in  the  use  of  the  steam-boat :  in  the  first  place,  that  the 
paddles,  or  wheels,  should  be  better  secured  from  accident  in 
the  ship,  and  also  that  she  should,  without  risk,  be  enabled  to 
sheer  up  or  take  a  birth  in  a  harbour  alongside  of  another  vessel 
without  exposure  to  injury. 

The  arrangement  or  position  of  the  wheels  is  also  an  object 
of  ne  small  importance,  and  one  which  has  been  attended  with 
much  difficulty  in  obtaining  the  best  effects  of  the  power  of  the 
.engi?V9.    A  little  reflection  will  be  p  to  show,  that  the 

piesent  mode  of  having  one  engine-^  heels  in  one  posi- 

tion of  the  ship  must  he  extremely  attending 
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to  the  operation  of  the  steanir^boai:  on  the  Clyde,  the  Forth,  tha 
Thames,  and  the  Mereey,  it  has  been  uniformly  observed,  that 
the  steam-boats  are  drawn  down  or  made  to  dip  bv  the  head  ^ 
stem  into  the  water,  according  to  the  position  of  the  wheels, 
from  four  to  as  much  as  nine  inches,  which  obliges  the  boatmeu 
to  trim  or  ballast  with  iron  at  the  stemmost  point  of  the  boat. 
This,  on  the  whole,  must  not  only  greatly  impede  the  motion  and 
Telocity  of  the  boat ;  but  the  whole  weight  and  power  also  of 
the  engine  being  exerted  in  one  point,  a  motion  is  generated 
througnout  the  vessel,  which  is  not  only  unpleasant  to  the 
passenger,    but  must  shake  the  timbers,    and    be   otherwise 
extremely  injurious  to  the  boat.    To  obviate  this,  Mr.  Stevenson, 
civil  engmeer,  proposes,  as  the  reader  will  observe  by  Plate  XCI, 
to  place  the  two  wheels  at  or  near  the  extremities  of  the. 
boat  longitudinally,  instead  of  transversely  as  at  present,  by 
which  the  force  of  the  engine  will  be  more  equally  divided ;  tha 
vessel  will  also  be  kept  upon  an  even  keel,  in  so  far  as  the  action 
or  power  of  the  machinery  is  concerned ;  and  the  boat  will, 
therefore,  pass  through  the  water  with  less  interruption,  and 
consequently  with  more  veloci^.    Further,  by  employing  two 
smaller  steam-engines  instead  of  one  large  one,  and  placing  ooe 
of  these  in  each  compartment  of  a  Dalswinton  vessel,  the  steam- 
boat may  thus  be  rendered  extremely  commodious,  and  admit 
of  being  laid  out  in  neat  and  commodious  apartments  for  passen^ 
gers  nearly  to  the  full  extent  of  the  length  and  breadth  of  her 
deck.  Such  a  construction  of  boat  is  also  well  adapted  for  cainy- 
ing  goods  and  cattle,  8cc.  on  a  ferry. 

In  considering  this  subject,  the  writer  of  this  article  begs  ts 
torn  the  attention  of  the  reader  to  the  accompanying  pl^, 
entitled  ^^  Platis  and  Sections  of  Stevenson's  Dalswinton  Steaiiifi 
Boat,  calculated  for  the  Harbour  of  Leith,  and  the  Locks  of  th^ 
Forth  and  Clyde  Canal;"  and  here  it  may  be  necesaajcy  to 
observe,  that  the  term  Dalswinton  is  introduced  with  a  view 
to  connect  the  name  of  Mr.  Miller,  that  ingenious  country 
gentleman,  both  with  the  idea  of  the  steam-boat,  and  more  espe* 
cially  with  the  double  boat,  of  which  he  appears  to  hav^  been 
exclusively  the  inventor,  and  which  in  the  opinion  of  many  it 
pecuUarly  applicable  to  the  purposes  of  a  steam-boat.    It  is  also 
necessaiy  to  mtroduce  Mr.  Stevenson's  name,  as  we  are  unac- 
quainted with  the  precise  design  of  Mr.  Miller,  who  seems,  to 
have  applied  the  steam-engine  to  a  treble  boat.     In  so  fiuv 
therefore,  as  we  know,  the  idea  of  providing  the  accommodation 
for  passengers  and  goods  upon  deck,  with  me  machinery  below, 
and  the  wheels  placed  in  the  manner  proposed  in  the  accoinpa^ 
nying  plan  and  sections,  is  entirely  new. 


Xh.  > 


..    ;.  Description  of  the  Plate.  'rm^^ 
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M«ite.«b  !plan  -of  liie  hold  df  Ater  doable  vessel  with  the  water- 
sMilde-b^tweeB  them.  The  plan  No.  2,  shows  &e  accommoda- 
i^M'trpOB  -deck,  consisting  of  a  fore  and  after  cabin,  with 
sodkii^house,  &c.  8cc.  The  seotion  No.  3,  represents  % 
io^tlminal  section  of  the  vessel  in  the  direction  of  the  keet 
l^dsi  stem  to  stem,  showing  one  of  the  lower  holds  in  which  a 
iteam-^ngine  and  boiler  are  fitted  up.  Over  this  ^ain  are  the 
cabins,  with  a  walk  and  railing  upon  the  top.  Between  the 
hold  and  the  cabins,  a  space  is  marked  off  with  strong  plate-iron 
(ofr  ventilation,  in  which  a  current  of  air  is  kept  up  from  stem 
to  stern.  Lastly,  the  cross  sections  marked  A  d  and  C  D  refer 
to  the  corresponding  letters  on  the  plans,  and  exhibit  a  trans- 
verse section,  or  view  of  the  boat,  both  above  and  below  the 
water  line.  This  general  plan  on  which  the  several  parts  are 
marked,  it  is  presumed  will  easily  be  understood,  by  those  espe- 
cially who  have  had  any  experience  of  the  steam-boat,  withotit 
the  necessity  of  multiplying  technical  references,  which  are 
^ways  iricsome  to  the  general  reader. 

This  plan  of  a  steam-boat,  in  so  far  as  comfort  and  accommo- 
dation to  passengers,  or  the  conveyance  of  goods,  are  concerned, 
it  is  humbly  conceived  will  be  found  to  be  extremely  useful,  and 
deserving  the  attention  of  the  public ;  and  especially  of  those 
whose  concerns  more  immediately  lead  them  to  have  an  interest 
in  the  improvement  of  the  steam-boat. 

A  question  will  naturally  occur  to  the  practical  seaman  with 
regiard  to  the  strength  of  such  a  vessel ;  wnile  the  philosophical 
observer  may  wish  to  be  satisfied  as  to  the  fitness  of  this  diiSftnh 
bution  of  the  wheels  for  the  purposes  of  speed  or  velocity*  With 
regard  to  the  strength  of  sucti  vessel,  every  one  will  be  satisfied 
that  while  afloat  she  must  be  perfectiy  secure,  as  the  water 
presses  upon  all  sides  equally,  and  must  give  her  great  stabiUty. 
In  order  also  to  enable  such  a  vessel  to  take  the  ground  in  a  drr 
harbour,  it  will  be  observed  from  the  cross  sections  marked  A  B 
that  considerable  facility  is  obtained  in  framing  this  double 
vessel  in  a  strong  and  substantial  manner,  particularly  at  the 
space  between  the  two  water  wheels. 

On  the  subject  of  the  velocity  of  a  boat  of  this  construction, 
the  most  satisfactory  trial  is  no  doubt  obtained  from  expe- 
riments upon  the  great  scale.  Regarding  the  full  and  proper 
operation  of  the  two  wheels,  situated  as  nere  proposed,  there 
seems  to  be  no  reason  for  doubting.  In  the  example  here 
offered,  the  water-course  is  deUneated  upon  a  narrower  scale 
than  choice  would  have  dictated;  but  this  boat,  being  in- 
tended to  suit  the  lockage  of  the  Fbrth  and  Clyde  canal,  which 
will  not  admit  vessels  of  a  greater  breadth  than  20  feet  and  more 
than  70  feet  in  length,  the  breadth  of  beam  is  necessarily  con- 
fined more  than  would  otherwise  have  been  requisite  for  the 
ordinary  purposes  ef  navigation,  or  birthage,  even  in  a  circum- 
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scribed  harbour.  An  opinion  may,  perhaps,  be  entertainedi  that 
the  water  in  this  course,  which  is  only  five  feet  in  breadthi  will 
be  apt  to  gorge  in  the  space  between  the  two  wheels^  by:  which 
the  lore  wheel  would  be  loaded  with  tail  water:  but  even  if  .tfiis 
effect  should  take  place  in  the  fore  wheel  to  a  certain,  degree, 
the  after  or  sternmost  wheel  will  work  with  greater  advant^e 
from  the  head  thus  supposed  to  be  collected  between  th%  wheels. 
But  when  we  consider  that  the  vessel  is  afloat  upon  a  great 
plane,  and  that  the  after  wheel  operates  witli  the  same  vetecity 
and  effect  as  the  fore  wheel,  and  that  even  in  the  example 
before  us  they  are  placed  40  feet  apart,  it  is  not  easy  to  con- 
ceive how  the  water  is  to  ^orge  up  in  such  a  situation;  it 
«eems  more  probable  that,  tne  two  wheels  acting  in  perfect 
Uj^ison  with  each  other,  the  water  in  the  whe^  coia*^  will 
presierve  a  smooth  surface,  and  that  the  wheels  will  work 
with  more  advantage  by  being  thus  secluded  and  defended  irom 
the  boisterous  waves  of  the  sea,  than  when  exposed  to  them 
on  the  outside  of  the  gunwales.  Upon  a  tract  of  canal  navi- 
gation, a  steam-boat  so  constructed  will  not  only  pass  along 
with  great  velocity,  but  without  injury  to  the  banks,  wluch 
otherwise  could  not  fail  to  be  the  case  with  the  steam-hoat  in 
common  use. 

It  is  believed  to  be  a  common  prejudice  with  observers  upon 
the  deck  of  a  steam-boat  passing  through  the  water,  that  there 
is  9^  current  leaving  the  steam-boat  as  quickly  in  a  backward 
direction  as  the  boat  is  making  progress  forward ;  but  from  ihe: 
following  experiment,  and  others  which  the  author  of  thb  article 
has  made,  the  apparent  effect  from  the  lapping  or  undulatiifg 
aj^arance  of  the  water,  as  seen  in  the  wort  of  the  ateamrboaV 
is  apt  to  be  mistaken  for  velocity  in  the  water ;  wherea9,ja  l^Jile 
reflection,  it  is  presumed,  will  convince  every  one,  independ^^iotly 
of  the  following  trials,  that  this  must  be  a  deception.  In  the 
month  of  April,  1818,  when  returning  from  Inverary  to  Glasgow 
in  the  Argyle  steam-boat,  by  Lochfiiie  and  the  Kyles  of  Bute,  a 
distance  of  upwards  of  80  miles,  which  this  boat  perfonned  in 
the  course  ot  14  hours,  a  good  opportunity  was  affi>rded  of 
making  various  experiments  with  regard  to  the  velocity  of  the 
boat,  both  in  sheltered  and  also  in  somewhat  exposed  situa- 
tions, and  in  strong  currents,  both  of  the  tide  and  of  the 
river.  About  50  pieces  of  birch  timber  turned  into  a  spherical 
form,  two  inches  in  diameter,  were  dropped  from  the  vessel 
into  the  sea  in  all  possible  directions,  when  it  was  uniformly 
found  that  the  balls  dropped  in  the  wake  of  the  wheels  of  the 
steam-boat  had  hardly  any  sensible  motion  greater  than  that 
compared  with  tho^e  thrown  at  a  greater  or  less  distance  from 
the  Doat ;  or  with  those  which  were  dropped  into  the  water  by 
the  rudder  case.  This  result  one  might  nave  come  to,  d  prion, 
by  asking  one'^  self  how  the  water  in  such  a  situation  could 
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possibly  acquire  a  velocity  from  the  lapping  of  the  paddles  or 
wheels,  there  being  no  tail  race  or  declivity  to  create  and  keep 
n^  such  a  motion. 

This  point  being  estabhshed^  it  seems  to  be  conclusively  in 
favour  of  disposing  of  the  wheels  of  a  steam-boat  in  the  form  of 
a  Water<^course,  as  represented  in  the  plan  Jfo.  1,  and  longitudinal 
section  marked  No.  o,  upon  the  accompanying  plate  ;  and  with 
this  in  view,  we  do  not  hesitate  to  recommend  to  the  attention  of 
our  readers  the  construction  of  the  boat  here  alluded  to,  as  well 
calculated  to  give  much  facility  in  the  navigation  and  births^e  of 
steam-boats,  and  to  render  them  applicable  to  canal  navigation,^ 
for  entering  harbours,,  and  sailing  in  river^  crowded  with  ship- 
ping, with  the  most,  perfect  security ;  while  such  a  degree  of 
convenience  and  accommodation  is  afforded  to  paisscneers  as 
must  render  the  Stevenson  Dahwinton  Steam-Boat  an  oj^ect  of 
TCiy  considerable  importance  on  femes,  and  on  various  distant 
passages  throughout  the  kingdom;  as,  for  example,  upon 
Qaeensferry,  Kinghom,  and  Dundee,  and  from  Leith  to  vanous 
ports  on  the  coast  of  England,  and  ultimately  to  London.  The 
same  description  of  boat  is  well  calculated  for  passing  from 
Harwich  to  Kotterdam,  from  London  to  Ostend,  from  Dover  to 
Cal^s,  8cc.  8cc.  &c. ;  such  boats  are  also  well  calculated  to  sail 
fiom  Glasgow  and  Greenock  through  all  the  Lochs  of  Aigyie- 
shire,  and  the  Crinan  and  Caledonian  canals,  to  the  eastern 
<5oast  of  Scotland  ;  also  to  Belfast,  Dublin,  and  Liverpool,  and 
mx)n  the  great  public  ferries  from  Holyhead  to  Dublin,  and 
Ix)Ttpatrick  to  Donaghadee .  Indeed  on  many  of  these  passages 
tihb  steam-boat  has  already  been  tried,  even  in  its  present 
in&tjerfect  state,  with  a  good  effect;  and  we  despair  not  or  sedng 
this  noble  invention  so  much  matured  that  their  voyages  to  the 
dti^iBnt  parts  alluded  will  be  made  with  such  a  degree  of  safety 
and  dispatch  as  to  render  this  one  of  the  most  valuable  improve- 
ments connected  with  the  insular  situation  of  €rreat  Britain. 

'  Urns  if  our  humble  endeavours  shall  be  found  useful  either  in 
adVAiachig  the  improvement  of  the  steam-boat,  or  in  tracing 
thi^e  inventions  to  their  proper  authors,  our  end  and  object 
wA  hkve  been  completely  obtained. 
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Article  V. 


Oikservatiem-  on  the  Chemical  Constitution  of  Muriatic  Acid 
iGuSf  And  M  some  other  Subjects  of  Chemical  Tlieory.  By 
John  Murray,  M.D.  F.R.S.E.  Fellow  of  the  Royal  College 
of  P!iysicians  of  Edinburgh. 

ADMrrTlNG  water  to  be  procured  frotrf  '^^\A  n^  in 

those  forms  of  expei;iment>  direct  or  inoi  ^^ 
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agency  of  no  other  aub&tance  that  can  a£RQKdit,/i8  iiitrcldadedi 
t£e  conclusion  seems  necessarily  to  fQll0W|^:9diich:  Jnnniydie 
basis  of  one  of  the  two  systems  under  wbiclir4ibeardafliioii0ittf 
oxymunatic  and  muriatic  aoidfi  have  of  late  yeans beanjexidaBie^ 
that  oxymuriatic  acid  is  a  compound  of  murialkii  ac|all)«a 
oxygen;  and  that  muriatic  acid  in  its  gaseous  ststeroiiNttains 
combined  water.  This  doctrine^  accoraingljr^  may :  iW  maoi- 
tainedy  and  may  even  perhaps  be  ^ust.  It  is  not»  therefore, 
from  the  consideration  of  any  deficiency  in  its  sc^pcbt'tkai  1 
depart  from  it  in  the  following  observations ;  but  that  I  -consider 
the  ^ew  I  have  to  propose  as  perhaps  soore  probable,  or.at 
least  as,  on  the  whole,  according  better  with  the  preMntstat^ 
of  chemical  theoiy.  In  a  science  such  as  chemiBtry,  the  pripr 
ciples  of  which  rest  rather  on  probable  evidence  thao  oa  dcmm- 
Btration,  it  is  of  importance  to  present  a  subject  in  emeiy  point 
of  view  under  which  it  may  be  surveyed ;  and  this  naiiet  teve 
as  an  apology  for  the  speculations  I  have  now  to  offier^ 

There  are,  I  believe,  only  two  arffuments  to  which  any  itjiBht 
is  due  in  support  of  the  opinion  that  chlorine  is  a  simplattsb- 
stance,  which,  by  combination  with  hydrogen,  fonQ8<  miiaslifi 
acid.  One  is  drawn  from  the  analogy  resting  on  the  gtBisiil 
jGaict,  sufficiently  established,  that  acidity  is,  in  diffeECQli.cttse8| 
the  result  of  the  agency  of  hydrogen ;  the  other,  irom  <tluualia- 
lo^  in  the  chemical  relations  of  chlorine  and  iodine*  .   ,  ^    ^^ 

clulphur  forms  with  hydrogen  a  compound  un^qviyooatty  acid. 
The  compound  radical  of  prussic  acid  cyanogen,  discovenKbby 
the  able  researches  of  Gay-Lussac,  likewise  acqijjjiep^iSmdi]^ 
when  it.  receives  hydrogen.  Acidity,  therefore^  ti».  la  pnopedy 
not  exclusively  connected  with  oxygen ;  it  is  also  coonemteicetiid 
by  hydrogen ;  and  when  chlorine  with  hydrogen  ^m^yfonim 
muriatic  acid  gas,  the  agency  exerted  may  he  0<msi4e^m<ius 
similar  to  that  arising  in  other  cases  of  the  prodMCtcQn  $if  aa:iMid 
firom  the  action  of  hydrogen.  j.^iir^-i^ 

This  is  confirmed  hy  the  relations  of  iodine.'  It^iOfiu^riis 
an  acid  by  combination  with  hydrogen;  and  th^j  jfi^^nsicisJ 
aeencies  of  iodine  are  in  several  other  respects  similsyr/I^^B^fse 
ot  chlorine.  When  the  one,  therefore,  is  C:0n^i€(Qtie4oii9.^a 
simple  body  (and  there  is  no  absolute  proof  that  ioclpi^  ofl^a 
compound),  the  other  is,  with  probability,  placed  in.  ((be  ^ame 
class:  and  certain  analogies  existing  between  sulBlratr/and 
iodine  serve  to  connect  and  confirm  these  views.  Each ^of  them 
forms  an  acid  with  hydrogen ;  each  of  them  also  forsofi  ant:  ACid 
with  oxygen ;  but  chlorine  exhibits  precisely  the  sam^  pqvofyhfit 
resemblance:  with  hydrogen,  it  forms  muriatiovaciq-f-rj^lh 
oxygen,  it  forms  chloric  acid.  Its  chemical  ra]latioiuii:<t%ith 
regard  to  acidity,  being  thus  similar,  seem  to  requiroj^^lfUiie 
explanation  to  account  for  them.  ■'■.... 

These  facts  lead  undoubtedly  to  views  of  chieixucaJl^  ^ory 
different  from  those  which  had  before  been  ektaUisb^d;)  and  on 
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ivhioh  tiie  old  doctrine  with  regard  to  the  nature  of  mmialicaiid 
oxymnriatic  acid  rests.    It  may  be  well,  therefore,  to  inquiie, 

-  liow  tax  they  may  modify  the  conclusions  to  be  drawn,  admitting 
erea  that  oxymmiatic  acid  contains  oxygen,  and  that  nuuriatic 
aeidgas  affords  water. 

When  water  is  obtained  from  mnriatic  acid  gas,  it  does  not 
necessarily  follow  that  it  has  pre-existed  in  the  state  of  water. 
It  is  eqnauy  possible,  dpriorif  that  its  elements  may  be  present 
in  aimultaneous  combination  with  the  acid,  or  its  radical ;  that 

-  the  acid  is  a  ternary  compound  of  a  radical  with  oxygen  and 
hydrogen;  and  that  it  is  decomposed  in  those  processes  by 
Wnich  water  is  procured,  the  hydrogen,  with  the  recj^uisite  pro* 

•  portion  of  oxygen,  combining  to  form  water ;  and  its  radical, 
with  any  excess  of  oxygen,  remaining  in  union  with  the  sub- 
stance  by  which  the  change  has  been  effected. 

If  this  view  were  adopted  with  regard  to  muriatic  add,  the 
same  view  mi^ht,  on  tne  same  grounds,  be  applied  to  the 
other  acids,  which  appear  to  contain  water  in  intimate  combinar- 
iion,  and  in  a  definite  proportion.   And  such  an  acid,  the  radical 

'and  precise  constitution  of  which  are  known,  may  be  best 
.adapted  to  illustrate  the  hypothesis. 

Sulphuric  acid  affords  water  when  it  is  submitted  to  the  action 
of  an  alkaline  base ;  and  the  quantity  of  this  water  appeam  to 
be  definite,  amonating  to  18*5  in  100  of  the  strongest  «eid 
which  can  be  procured  in  an  insulated  state  ;  100  parts  of  this 
acid,  therefore,  are  considered  as  composed  of  81 '5  of  real  aeid 

'^consisting  of  32-6  of  sulphur  and  48*9  of  oxygen)  with  18^6  of 

'^water.    But  if,  instead  of  this  view  of  its  4;oiistitution,  it  be 

>ifionsidered  as  a  ternary  compound  of  sulphur,  oxygen,  and 
hychrogen,  its  composition  will  be  32-6  of  sidphur,  65*2  of 
oxyg^^n,  and  2-2  of  hydrogen.    In  those  processes  by  iduch 

^ water  is  obtained  from  it;  in  the  action,  for  examjde^  of  an 
alkaline  base,  and  subsecjuent  exposure  to  heat,  the  composition 
is  stibverted  by  the  affinities  exerted  ;  the  hydrogen  unites  with 
the  requisite  proportion  of  oxygen,  forming  water,  and  the 
remaining  oxygen  with  the  sulphur  unite  with  the  base.  In  the 
aotiojR  Of  a  metal  on  the  acid,  there  is  the  same  result ;  only  by 
the  attraction  of  the  metal  to  oxygen,  the  whole  of  that  element 
is  retained,  and  the  hydrogen  is  disengaged. 

Muriatic  acid  gas  then,  according  to  this  doctrine,  is  the  real 
acid,  a  ternary  compound  of  a  radical  (at  present  unknown)  with 

"  oxygen  and  hydrogen,  exactly  as  sulphuric  acid  in"  its  highest 
state  of  concentration  is  the  real  acid,  a  ternary  compound  of 
sulphur,  Oxygen,  and  hydrogen.  When  it  is  submitted  to  an 
alkaline  bai^e,  the  action  exerted  causes  its  decomposition ;  its 
hydrogen,  and  part  of  its  oxygen,  combine  to  fbrm  water ;  and 
its  radical,  with  its  remaining  oxygen>  unite  with  the  base,  fona- 
ing  a  neutxul  compound,  analogous  to  what  other  acids  of 41 
constitutioiQi  form.    When  a  similar  result  is  ^^Udu^fiQ 
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action  of  a  metal,  its  whole  oxygen  must  be   considered  as 
retained,  and  its  hydrogen  is  liberated. 

Nitric  acid  in  its  highest  state  of  concentration  is  not  a  defi- 
nite compound  of  real  acid  witli  about  a  fourth  of  its  weight  of 
water^  but  a  ternary  compound  of  nitrogen,  oxygen,  and 
hydrogen.  Phosphonc  aoid  is  a  triple  compound  of  phoBphonn, 
oxygen,  and  hydrogen;  and  phosphorous  acid  is  the  proper 
binary  compound  of  phosphorus  and  oxygen.  The  oxauc, 
tartaric,  ana  other  vegetable  acids,  are  admitted  to  be  ternary 
compounds  of  carbon,  oxygen,  and  hydrogen ;  and  are,  there- 
fore, in  strict  conformity  to  the  doctrine  now  illustrated. 

A  relation  of  the  elements  of  bodies  to  acidity  is  thus  disco- 
vered different  from  what  has  hitherto  been  proposed.  When  a 
series  of  compounds  exists,  which  have  certain  common  chazae- 
teristic  properties,  and  when  these  compounds  all  contain  a 
common  element,  we  conclude  with  justice  that  these  properties 
are  derived  more  peculiarly  from  the  action  of  this  element*  On 
this  ground  Lavoisier  inferred,  by  an  ample  induction,  that  oxygen 
is  a  principle  of  acidity.  Berthollet  brought  into  view  the 
.  conclusion  that  it  is  not  exclusively  so,  from  the  examfdes  of 
prussic  acid  and  sulphuretted  hydrogen.  In  the  latter,  acidi^ 
appeared  to  be  produced  by  the  action  of  hydrogen.  The  disco- 
very by  Gay-Lussac  of  the  compound  radical  cyanoj^en,  and  its 
conversion  into  prussic  acid  oy  the  addition '  of  hydrogen, 
confirmed  this  conclusion ;  and  tne  discovery  of  the  relations  of 
iodine  still  further  established  it.  And  now,  if  the  preceding 
views  are  just,  the  system  must  be  still  further  modified.  While 
each  of  these  conclusions  is  just  to  a  certain  extent,  each  of 
them  requires  to  be  limited  in  some  of  the  cases  to  which  they 
are  applied ;  and  while  acidity  is  sometimes  exclusively 
connected  with  oxygen,  sometimes  with  hydrogen,  the  principle 
must  also  be  admitted  that  it  is  more  frequently  the  result  of 
their  combined  operation. 

There  appears  even  sufficient  reason  to  infer  that  from  the 
united  action  of  these  elements,  a  higher  degree  of  acidity  is 
acquired  than  from  the  action  of  either  alone.  Sulphur  affords  a 
striking  example  of  this.  With  hydrogen  it  forms  a  weak  acid. 
With  oxygen,  it  also  forms  an  acid,  which,  though  of  superior 
energy,  still  does  not  display  much  power.  With  hydrogen  and 
oxygen,,  it  seems  to  receive  the  acidifying  influence  of  both,  and 
its  acidity  is  proportionally  exalted. 

Nitrogen  with  hydrogen  forms  a  compound  altogether  desti- 
tute of  acidity,  and  possessed  even  ofqualities  the  reverse.  With 
oxygen  in  two  definite  proportions,  it  forms  oxides  f  and  it  is 
doubtful,  if  in  any  proportion,  it  can  establishrwith  oxygen  an 
insulated  acid.  But  with  oxygen  and  hydrogen  in  union,  it 
forms  nitric  acid,  a  compound  more  permanent,  and  of  energetic 
action. 

Carbon  with  hydrogen  forms  compounds  wliich  retain  inflam- 


181&.}^i7ni  on  some  other  Subjects  of  Chemical  Theory.     289 

mabiixty-iniihoutany  acid  quality ;  with  oxygen,  it  forms  first  an 
inflammable  oxide^  and  with  a  larger  proportion  a  weak  acid ; 
bdt^combined  with  both  hydrogen  and  oxygen,  in  di£Perent  pro- 
portions,' it  forma  in  the  vegetable  acids  compounds  having  a 
liigh  acidity.  These  acids,  therefore,  are  not  to  be  regarded, 
acc<Mrding  to  the  theory  of  Lavoisier,  as  composed  of  a  compound 
base  of  carbon  and  hydrogen,  acidified  by  oxygen,  but  of  a 
sim^de  base,  carbon,  acidified  by  the  joint  action  of  oxygen  and 
hydrogen. 

Muriatic  acid  itself  presents  the  same  result.  Oxjrmuriatic 
acid  must  be  considered,  accordine  to  this  doctrine,  as  a  com- 
pound of  an  unknown  radical  {MurioUf  if  the  term  may  be 
allowed)  with  oxygen,  analogous  in  this  respect  to  sulphurous 
acid,  except  that  in  the  latter  there  is  an  excess  of  base,  in  the 
former  an  excess  of  oxygen :  and  oxymuriatic  acid,  with  the 
addition  of  hydrogen,  forms  the  ternary  compound  muriatic  acid, 
as  sulphurous  acid  with  the  same  addition  forms  hydrosulphuric 
acid,  with  a .  deposition  of  the  excess  of.  sulphur.  There  is 
accordingly  the  strictest  analogy  between  muriatic  acid  and 
jklioae  other  acids,  the  sulphuric,  nitric,  8ic.  which  contain  both 
oxygen  and  hydrogen ;  while  there  is  none,  as  Berzelius 
remarked,  between  it  and,  those,  such  as  the  prussic  acid  or 
aulpbixretted  hydrogen,  which  contain  merely  hydrogen.  This 
,  principle  solves  the  difficulty  which  has  always  presented  itself 
ja  the  relation  of  muriatic  and  oxymuriatic  acids  on  Lavoisier^s 
Iteory  of  acidity — that  the  latter,  though  it  has  received  an 
addition  of  oxygen,  is  inferior  in  acid  power  to  the  former.  It 
IB  so  precisely,  as  the  binary  sulphurous  acid  is  one  of  less  ener^ 
of -tedon  than  the  ternary  hydrosulphuric  acid,  or  as  the  carbomc 
'M^tess  pbwerfiil  than  the  oxaUc  acid.  The  {)roper  analogy  is  that 
ttf I  tine  oxymuriatic  with  the  sulphurous  acid,  and  the  muriatic 
vrith  the  sulphuric;  and  under  this  point  of  view  there  is  no 
anomaly,  but  strict  conformity.  And  thus  also  is  accounted  for, 
'Wfaat  is  at  variance  with  the  hypothesis  of  Gay-Lussac,  the  total 
-vrant  of  analogy  between  chlorine  ai^d  sulphur,  which  he  classes 
together,  except  in  the  single  circumstance  of  acidity  being 
.cawmunicated  to  both  by  hydrogen ;  while  there  exists  a  close 
aiudcigy  between  sulphurous  acid  and  oxymuriatic  acid  in  their 
aftoet  essential  properties-^their  gaseous  form,  their  specific 
gravity,  their  sunocatinff  odour,  their  power  of  destroying  vege- 
table colours,  their  soluLiUty  in  water,  their  remaining  combined 
Witfait  in  congelation,  their  acidity,  their  combining  weights,  and 
iheir  being  attrajcted  to  the  positive  pole .  of  the  voltaic  series ; 
and  any  deviation  from  this  analogy  evidently  arises  from  the 
excess  of  oxygen.in  oxymuriatic  acid.''^ 

. « :lt  j^^orlofi.with'rffard  lo  ihemmi  importaDt  of  these  aDalogies,  that  of  the 
equivalent  or  combiatng;  wei|;l)ts,  that  oxymuriatic  acid  stands  next  to  sulpbarous 
acid  ;  the  fonner  in  Dr.  Wollastpn's  scale  being  44,  while  the  latter  will  be  found 
to  be  40.    The  acidity  of  ot^murlatic  acid  is  fuU^  citabliibed  by  the  oMXt  «nA^!i&* 
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It  IB  obviouB  that  it  would  be  in  vain  to  seek  for  the  discoveiy 
cf  real  muriatic  acid  in  its  insulated  form.  It  exists  no  more 
than  real  sulphuric  or  real  nitric  acid.  The  oxygen  and  sulphur, 
or  oxygen  and  nitrogen  in  union  with  a  salifiaUe  base  in  the 
sulphates  and  nitrates,  may  not  be  in  direct  combination,  nor 
capable  of  existing  as  a  separate  binary  compound.  The  insu- 
kited  binary  compound  of  the  radical  of  muriatic  acid  with 
oxygen  is  oxymunatic  acid,  as  the  binary  compound  of  sulphui 
and  oxygen  is  sulphurous  acid,  and  of  nitrogen  and  oxygen, 
nitrous  and  nitric  oxides. 

Iodine,  the  discovery  of  which  and  its  relations  has  for  a  time 
given  predominance  to  the  new  doctrine  of  chlorine,  conforms 
sufficiently  to  these  views.  Some  have  considered  it  as  a  body 
belonging  to  the  same  class  as  chlorine;  others  regard  it  as 
more  analogous  to  sulphur.  It  has  Uttle  analogy  to  either, 
except  in  the  property  of  forming  acids  with  oxygen  and  with 
hydrogen.  It  differs  remarkably  from  chlorine  in  its  compara-i 
live  inertness,  its  soKdity,  spec&c  gravity,  and  great  weigk  of 
its  equivalent  quantity ;  and  it  differs  from  sulphur  in  its  want  of 
inflammability,  its  solubility  in  water,  and  its  oeing  attracted  to 
the  positive  pole  of  the  voltaic  series.  All  these  analo^es  are 
preserved,  and  its  relations  connected,  by  considering  it  as  an 
oxide,  which,  both  from  its  specific  gravity,  the  i^olour  of  its 
compounds,  and  the  ^eatVeight  of  its  equivalent  quantity,  has 
probably  a  metallic  base;  and  which  acquires  acidity  oy  an 
addition  of  hydrogen  on  the  one  hand,  and  on  the  other  by  the 
addition  of  oxygen,  or  of  oxygen  and  hydrogen.  In  these 
respects,  and  in  many  of  its  chemical  properties  and  relations,  a 
considerable  analogy  exists  between  it  and  oxide  of  arsenic  or 
oxide  of  tellurium.  Or  if  it  were  to  be  classed  as  a  simple  sub-* 
stance  (on  the  ground  of  its  not  having  been  decomposed), 
which  forms  an  acid  with  hydrogen,  and  another  with  oxysen 
and  hydrogen  ;  it  does  not  m  these  respects  offer  any  deviation 
compared  with  other  acidifiable  bases,  or  afford  an  argument  of 
much  weight  in  support  of  the  undecomposed  nature  of  chlorine. 

The  doctrine  I  have  illustrated  affords  a  satisfactory  explana^ 
tion  of  the  properties  of  the  compounds  formed  by  oxymuriatio 
acid  with  certain  inflammables,  particularly  with  sulphur  and 
phosphorus.  These  undoubtedly  present  an  anomaly  in  the 
other  views  that  have  been  given  of  their  constitution.  In  the 
old  doctrine,  they  are  considered  as  compounds  of  two  real 
acids  ;  one  of  muriatic,  with  phosphorous  or  phosphoric  acid  $ 
the  other  of  muriatic,  with  sidphurous  or  sulpnuric  acid.    But 

▼ocal  acid  property,  (hat  of  combiuing  with  alkalies,  and  fbrmidg  Dentral  con^ 
pounds.  The  saline  nature  of  these  compounds  had  been  shown  by  BerthoUet  $ 
that  with  lime  has  been  demonstrated  by  Mr.  Dalton,  who  also  pointed  o«t  the 
probability  from  the  results  by  double  decomposition,  that  the  acid  combinet  ia  S  - 
limilar  manner  with  other  saVifiable  bases  ;  and  the  existence  of  tbeiie  compowidi 
b«f  been  estabUshed  by  Mr.  Wilson.  •  j 
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they  have  none  of  the  properties  which  would  be  looked  for  in 
such  a  combination  ;  they  have  no  acidity,  or  if  any  appear  in 
one  of  the  compounds  with  phosphorus,  it  is  to  a  very  limited 
and  doubtful  extent ;  and  they  are  substances  even  which  have 
little  energy  of  chemical  action.  In  the  new  doctrine  they  are 
considered  as  compounds  of  chlorine  with  their  bases,  sulphur, 
and  phosphorus.  Of  course,  as  these  bases  form  powerful  acids 
with  oxygen,  and  as  chlorine  is  considered  as  an  element  of 
similar  agency  as  oxygen,  communicating  similar  ppwers,  and 
conferring  acidity  even  on  hydrogen,  they  might,  with  not  less 
reason  than  on  the  other  doctrine,  be  expected  to  be' acids  of 
the  greatest  strength.  The  view  I  have  stated  accounts  for  their 
characters.  They  are  ternary  compounds,  of  the  radical  of 
■nunatic  acid  witn  the  particular  inflammable — ^sulphur,  or  plios-? 
phorus,  with  oxygen.  The  oxygen  is  not  in  sufficient  quantity 
to  communicate  acidity,  or,  in  one  of  the  combinations  of  phos- 
|ihoTUB,  does  so  only  to  a  very  slight  extent.  But  when  water 
KB  added,  a  sufficient  proportion  of  oxygen  is  supplied  to  produce 
this  result,  and  the  acidity  is  exalted  by  the  corresponding 
hydrogen  entering  into  the  combination.  What  has  been  called 
phosgene  gas,  procured  under  certain  circumstances  from  the 
auction  of  oxymuriatic  gas  and  carbonic  oxide,  may  be  regarded 
BUS  of  a  similar  nature,  the  agency  of  a  small  portion  of  water  or 
Qf  hydrogen  being  probably  essential  to  its  formation,  a  circum- 
stance which  serves  to  account  for  the  discordant  results  with 
regard  to  its  production.* 

It  deserves  remark,  that  while  there  runs  through  the  whole 
series  of  acidifiable  bases  in  relation  to  their  combinations  with 
oxygen  and  hydrogen,  a  general  analogy,  there  is  also  some 
deviation,  and  something  with  regard  to  each  that  is  specific; 
Sulphur  affi^rds  the  most  perfect  example  of  their  agency.  It 
Ebrms  an  acid  with  hydrogen;  it  forms  another  with- oxygen; 
and  a  third,  still  more  powerful,  from  the  joint  action  of  oxygen 
and  hydrogen.  Carbon  forms  an  acid  with  oxygen;  it  also 
Forms  a  series  of  acids  of  greater  strength  with  oxygen  and 
hydrogen ;  it  acquires  no  acidity,  however,  from  nydrogen 
W>ne  ;  and  with  an  inferior  proportion  of  oxygen  it  rorms  an 
Dxide.  Phosphorus  bears  a  strict  analogy  to  sulphur,  except 
Lhat  its  combination  with  hydrogen  does  not  eive  nse  to  acidity, 
i,  circumstance  in  which  it  reseinbles  carbon.  Nitrogen  is  peculiar 
n  forming  two  oxides  with  different  definite  proportions  of 
oxygen ;  it  is  doubtful  if  it  forms  a  free  acid  with  oxygen  alone ; 

•   Thedifficalty  of  entirely  excluding  water  and  hydrogen  from  the  constituent! 
]if  this  gas  19  sufficiently  apparent.    And  the  fact  that  it  cannot  be  formed  from 
ihein  by  the  action  of  the-electric  sparic,  but  only  by  the  continued  action  of  solar 
i|rht,  is  favourable  to  the  above  opinion.    The  conversion  of  carbonic  oxide  into 
sarbooic  acid  by  the  joint  action  of  oxymuriatic  gas  and  hyl  i  experiment 

Brbich  I  peifbrmed  when  the  new  hypothesis  with  regard  l»  e  of  chlorin* 

Bras  bronght  forward,  and  which  was  attempted  to  be  Un  kmo 

eontro^enlal  methodf,  I  consider  as  depending  prqbably  i  -^y 

T  2 
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but  it  confonns  to  the  general  law^  and  forms  a  powerful  acid 
with  oxyeen  and  hydrogen.     Assuming  the  existence   of  a 
simple  radical  of  muriatic  acid^  it  resembles  sulphur,  phosphoms^ 
and  carbouj  in  forming  an  acid  with  oxygen,  and  one  stul  more 
powerful  with  oxygen  and  hydrogen;  but  it  differs  in  the  pecu- 
uarity,  that  the  proportion  of  oxygen  to  the  base  in  the  bmary 
combination  is  considerably  larger  than  in  the  ternary,  ao  that 
the  addition  of  hydrogen  converts  the  one  into  the  other;  and 
also  in  its  combming  apparently  with  more  numerous  propor- 
tions of  oxygen  than  any  of  the  other  acidifiable  bases,  two 
circumstances  which,  as  well  as  the  difficulty  of  e£Gecting  its 
decomposition,  probably  depend  on  the  same  cause,  the  strength 
of  its  attraction  to  oxygen.    The  fluoric  are  similar  to  the 
muriatic  compounds,  except  that  the  binary  compound  of  the 
radical  with  oxygen  cannot  be  obtained  in  an  insulated  form, 
and  that  its  combinations  with  oxygen  are  less  numerous*    The 
relations  of  iodine  or  its  radical  are  similar  to  those  of  the  radical 
of  muriatic  acid,  or  perhaps  rather  to  sulphur,  except  tkat  iU 
binary  compound  with  oxygen  does  not  appear  to  have  acidity, 
in  which  it  approaches  to  the  metals.  The  metals  usually  combine 
with  oxygen  so  as  to  form  oxides  ;  some  of  them  also  form  acids 
with  oxygen,  or  with  oxygen  and  hydrogen;  and  these  last 
usually  also  combine  with  hydrogen  alone.    This  fact,  of  some 
of  the  metals  forming  acids,  is  so  far  an  anomaly,  since  their 
compounds  with  oxygen  rather  form  alkalies,  and  no  other  sub- 
stances give  rise  to  both  results ;  the  greater  number  of  the 
substances  too,  which  foim  acids  with  oxygen  or  hydrogen,  are 
evidently,  from  the  smallness  of  their  combining  quantities,  not 
of  a  metallic  nature.     Still  the   connexion  between  the  two 
classes  is   in  some  measure  established  on  the  one  hand  by 
nitrogen,  which,  with  hydrogen,  forms  an  alkali;  and  on  the 
other  by  iodine,  which  has  properties  and  relations  common  to 
both. 

In  some  cases  it  is  probable  that  there  is  a  variation  in  the 
proportions  of  these  ternary  combinations,  giving  rise  to  a  diver- 
sity of  products,  which  exist  only  in  combination  with  those 
bodies  by  which  their  formation  is  determined,  and,  being  modi- 
fied by  any  process  causing  their  evolution,  ans  not  easily 
observed.  It  is  doubtful  if  the  same  base  in  any  case  forms 
different  acids  by  combination  with  oxygen  in  different  propoN 
tions,  or  by  combination  with  hydrogen  in  different  proportions. 
But  the  example  of  the  vegetable  acids  seems  to  show  that  this 
may  occur  in  the  united  action  of  oxygen  and  hydrogen ;  caibon 
acidified  by  different  proportions  of  these  elements  constituting 
the  composition  of  these  acids.  Oth^  bases  may  present  similar 
results.  The  radical  of  muriatic  acid  may  mute  vrith  other 
proportions  of  oxygen  and  hydrogen  than  those  which  form 
muriatic  acid ;  and  this  might  afford  a  solution  of  the  theoretical 
difficulty  of  the  production  of  water  in  the  experiments  in  the 
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first  part  of  this  memoir,  independent  of  the  explanation  of  it 
from  the  formation  of  a  super-muriate.  A  compound  may  be 
fprmed  with  less  oxygen  and  hydrogen  than  what  exist  in 
muriatic  acid,  in  combination  with  the  metal  acted  on,  and  thus 
a  portion  of  water  may  be  liberated.  Nor  will  it  be  easy  to 
establish  this  by  any  dinerence  in  the  product,  as  it  can  scarcely 
he  submitted  to  any  examination,  but  by  processes  which 
change  the  result.  •  The  chloric  acid  which,  according  to  Gajy- 
Lussac,  cannot  exist  insulated  without  water,  may  oe  in  hke 
nltoner  a  ternary  compound  of  these  elements  in  other  propor- 
tions. Prosecuting  the  same  analogy,  the  glacial,  or  fuming  oil 
of  vitriol  may  be,  not  what  has  lately  been  asserted,  real  sulphuric 
acid  <for  probably  no  Such  substance  as  that  to  which  this  term 
kas  been  applied  can  be  obtained  insulated),  but  a  compound  of 
sulphur  with  oxygen  and  hydrogen,  in  proportions  different  from 
'  those  which  constitute  common  oil  of  vitriol.  Nitrous  acid,  if 
it  cannot  be  formed  without  water,  may  be  a  compound  of 
nitrogen  with  a  smaller  proportion  of  oxygen  and  hydrogen  than 
nitric  acid.  And  some  of  the  acids  lately  described,  of  which 
phosphorus  is  the  base,  may  arise  from  variations  of  proportions 
of  this  kind. 

The  view  which  I  have  now  illustrated,  I  must  add,  is  not  to 
be  regarded  as  mere  speculation.  The  evidence  in  support  of 
it  is  just  as  conclusive  as  that  from  which  the  opposite  opmionis 
inferred.  The  obtaining  water  from  a  compound  is  no  necessary 
proof  that  water  pre-existed  in  it ;  and  conversely,  the  causing 
water  to  enter  into  combination  in  a  compound  is  no  necessary 
proof  that  it  remains  in  the  state  of  water  in  the  product.  In 
many  pases  we  draw  the  reverse  conclusions,  considering  water 
as  being  formed  where  it  is  obtained,  and  as  decomposed  where 
it  is  communicated.  And  in  the  case  of  its  relation  to  acids,  it 
'will  be  found  that  there  is  no  strict  evidence  of  its  existing  as 
water  in  combination  with  what  is  considered  as  the  real  acid  ; 
and  of  course  the  conclusion  is  equally  open  to  be  drawn,  that  it 
'exists  in  these  combinations  in  the  state  of  its  elements,  and 
tiiat  when  obtained,  it  is  a  product  of  a  change  of  composition. 

It  is  even  more  probable,  oL  priori^  that  the  ultimate  elements 
-<Bhould  act  on  each  other  where  energetic  affinities  are  evidently 
exerted,  than  the  immediate  principles,  and  the  relations  of 
these  elements  will  determine  the  combinations  and  the  propor- 
tions. And  hy  admitting  this  view,  we  avoid  the  anomaly  which 
is  presented  m  ascribing  to  the  agency  of  water  eflfects  so 
difierent  from  those  to  which  it  ususOly  gives  rise.  In  general^ 
water  operates  on  bodies  simply  as  a  solvent,  overcoming  cohe- 
sion in  soUds,  diluting  liquids,  or  absorbing  ^ses,  without 
Otherwise  modifying  their  properties,  or  communicating  to  them 
any  important  chemical  powers.  But  in  the  particular  c« 
now  referred  to,  it  is  supposed  to  produce  the  effects  of 
jaost  eaergetio  chemical  agent  \  it  enters  into  cotsbVsks^ 
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proportions  strictly  definite ;  is  retained  bjr  the  most  powerful 
affinities ;  communicates  new  and  characteristic  properties  ;  and 
is  essential  even  to  the  existence  of  these  compounds  in  an 
insulated  form.  Berzelius  and  Gay-Lussac  have  stated,  that  it 
is  to  be  considered  as  a  base  necessary  to  retain  the  elements 
of  the  acid  combined^  though  without  neutralizing  Ae  acid 
properties — an  opinion  which  in  itself^  and  still  more  with  this 
condition,  is  certainly  sufficiently  incongruous.  And  both 
theories  admit  equally  of  incongruity  in  the  supposed  presence 
and  energetic  action  of  water  in  acids.  The  old  doctrine  admits 
its  influence  in  sulphuric,  nitric,  phosphoric,  and  noLuriatic  adds, 
though  at  variance  with  its  principle,  tibat  oxygen  {is  the 
element  which  confers  acidity,  or  at  least  having  no  conformity 
to  that  principle,  nor  receiving  explanation  from  it.  The  new 
doctrine  refuses  to  admit  it  with  regard  to  muriatic  acid,  but 
admits  it  in  all  the  others — an  exception  which  serves,  only  to 
render  the  system  more  objectionable  by  the  violation  of  analogy; 
while  the  admission  with  regard  to  tne  others  is  equally  inca- 
pable of  being  accounted  for  on  any  principle  it  anbrds.  By 
considering  oxygen  and  hydrogen  as  elements  conferring  acidity, 
a  satisfactory  solution  is  affi)rded  of  the  effects  produced  in  these 
cases  by  their  joint  operation ;  and  independent  of  this,  it  is 
much  more  probable,  d  priori,  that  such  effects  should  arise 
from  the  action  of  elements  so  powerful,  than  from  the  agency 
of  water,  which,  in  its  general  relations,  exerts  such  feeble 
powers.  Lastly,  the  principle  on  which  the  presence  of  com- 
Dined  water  in  these  acids  has  been  supposed  to  depend,  that  of 
the  strong  attraction  of  the  acid  to  water,  seems  altogether 
fallacious;  for  on  this  principle  sulphurous  acid  should  also 
contain  combined  water  and  sulphuretted  hydrogen,  and  even 
carbonic  acid  might  be  expected  to  retain  a  small  portion.  The 
whole  evidently  depends  on  difference  of  constitution.  Sulphur- 
ous acid,  sulphuretted  hydrogen,  and  carbonic  acid,  are  binaiy 
compounds,  and  thefiefore  yield  no  water,  nor  retain  any  is 
intimate  combination ;  and  in  the  others,  the  proportion  of 
water  supposed  to  exist  will  be  found  to  have  no  lelation  to  the 
attraction  of  the  acid  to  water,  so  far  as  this  can  be  inferred,  as 
is  evident  from  the  example  of  phosphoric  acid  affording  as  much 
as  sulphuric  or  nitric  ;  but  to  tne  relations  of  its  elements,  and 
more  particularly  of  its  oxygen,  to  the  radical.  This  last  &ct 
aflbrds  nearly  a  demonstration  that  the  constitution  is  that  of 
simultaneous  combination  of  the  elements,  and  not  that  of  water 
and  acid. 

That  water  may  also  exist  in  immediate  combinatioa  with 
acids,  without  being  resolved  into  its  elements,  is  .suffiiciently 
possible  ;  and  it  probably  is  in  this  state  in  those  cases  in  which 
there  are  no  indications  of  an  intimate  combination,  or  definite 
proportion.  It  may  then  be  considered  as  in  solution  similar  to 
that  in  which  it  holds  salts  dissolved*,  or,  what  is  n  closer 
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analogy,  similar  to  that  in  which  it  holds  dissolved  the  vegetable 
acids,  which  are  admitted  to.  be  ternary  compomids  of  carbon, 
hydrogen,  and  oxygen.    The  opposite  view  apphes  only  to  that 

C^rtion  of  water  considered  as  essential  to  the  body  in  an  inau- 
ted  state,  and  in  which  it  is  combined  in  a  definite  proportion, 
observing  in  its  relations,  or  the  relations  of  its  elements,  eqoi- 
▼alent  proportions  to  other  bodies. 

In  the  last  place,  considering  this  opinion  in  relation  to  the 
two  opposite  views  which  have  been  maintained  with  regard  to 
the  constitution  of  oxymuriatic  and  muriatic  acids,  while  it  has 
all  the  evidence  in  its  favour  from  which  the  existence  of  water 
in  muriatic  acid  gas  is  inferred,  and  all  the  analogies  by  which 
Ais  is  confirmed ;  it  has  the  support  which  the  doctrine  of  the 
undecompounded  nature  of  chlorine  derives  from  the  relations 
of  sulphur,  iodine,  aud  cyanogen ;  and  from  the  induction  that 
hydrogen,  as  well  as  oxygen,  communicates  acidity.  It  avoids, 
at  the  same  time,  the  improbabiUty  which  attends  that  doctrine, 
in  its  leading  principle,  that  muiimic  acid  contains  no  combined 
water,  though  other  powerful  acids  are  held  to  contain  it,and  thouffh 
'it  affords  water  by  the  very  same  processes  by  which  they  yidd 
it ;  and  in  the  still  greater  violation  of  analogy  (the  most  extra- 
ordinary perhaps  ever  admitted  in  chemical  reasoning),  involved 
in  the  conclusion  that  the  compounds  which  this  acid  forma 
with  salifiable  bases,  though  the  same  in  all  generic  properties 
with  those  formed  by  other  acids,  are  not  of  similar  constitution, 
and  are  not  even  of  a  saline  nature.  It  unites  the  advantages, 
therefore,  of  both  doctrines,  and  connects,  under  one  system, 
fccts  which  are  otherwise  insulated,  and  partial. generalisations, 
which,  instead  of  having  any  relation,  seem  opposed  to  each 
Other. 

The  same  general  view,  I  have  still  to  add,  may  be  further 
extended.  Alkalinitv,  as  well  as  acidity,  is  the  result  appa* 
lently  of  the  action  of  oxygen ;  the  fixed  aUcaUes,  the  earths,  and 
the  metaUic  oxides,  which  all  contain  it  as  a  conmion  element, 
fimninj^  a  series  in  which  it  is  difficult  to  draw  any  well  defined 
line  of  distinction.  Ammonia  alone  remains  an  exception :  it 
contains  no  oxygen,  and  yet  possesses  in  a  very  marked  degree 
til  the  alkaline  properties — an  anomaly  so  great,  as  to  have  led 
almost  every  cnemist  to  infer  that  oxygen  must  exist  as  an 
draient  in  one  or  other  of  its  constituent  principles ;  and  aa 
nitrogen  is  the  one  apparentiy  least  elementary,  it  has  been 
supposed  to  be  a  compound  containing  oxygen.  The  result' 
may  be  accounted  for,  nowever,  on  a  very  different  principle. 
Ab  hydrogen,  in  some  cases,  gives  rise,  as  well  as  oxygen  does, 
1o  acidity,  so  it  may^  in  other  cases,  give  lise  to  alkahnity. 
Under  tms  point  of  view,  ammonia  is  a  compound  of'  which 
nitrogen  is  the  base,  deriving  its  AUr^line  power  from  hydrogen ; 
k  stands,  therefore,  in  the  aaowa  I  to  tke^yther  alkahes  that 

ttulphnretted  hydrogen  do?»  tft  li*  ^  u  the  whfiim 
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•peculation  with  regard  to  the  imaginary  metalKc  base  ammo- 
mum,  and  the  existence  of  oxygen  m  ammonia  and  in  nitrogen 
fidb  to  the  gromid,  while  the  anomaly  presented  by  this  alkaU  is 
ramoved.  If  the  claim  of  the  lately  discovered  principle  in 
omumy  Morphia  as  it  has  been  named,  to  the  distinction  of  .an 
tULali  be  established,  as  from  its  origin  it  must  probably  have  a- 
compound  base,  it  may,  if  it  contain  hydrogen,  bear  toe  same 
relation  to  the  other  alkalies  that  prussic  acid  does  to  the  acids ; 
or  if  it  contain  oxygen,  it  will  be  analogous  to  the  vegetable 
adds. 

The  fixed  alkalies  and  the  alkaline  earths  are  considered  as 
containing  water  in  intimate  combination  in  a  definite  propor- 
tion; ancTit  is  doubtful  if  they  can  be  obtained  free  firom  it  in- 
an  insulated  state,  retaining  at  the  same  time  their  alkaline 
properties.  It  is  obvious,  however,  that  the  elements  of  water 
may  exist  in  combination  with  the  base ;  that  potash,  for 
example,  is  not  a  compound  of  an  oxide  of  potassium  with 
vmter,  but  of  potassium,  oxygen,  and  hydrogen.  Hence  when, 
on  adding  water  to  peroxide  of  potassium,  potash  is  produced, 
and  oxygen  gas  is  aisengaged ;  this  is  not  owing,  as  has  been 
supposed,  to  the  excess  of  oxygen  in  the  peroxide  being  expelled, 
and  the  water  taking  its  place ;  but  to  the  water  being  decom- 
jH>8ed,  and  a  portion  of  its  hydrogen  entering  into  the  combina- 
tion,  to  form  the  alkali,  wnile  the  corresponding  oxygen  is 
liberated.  If  hydrogen  were  brought  to  act  on  peroxide  of 
potassium,  the  alkali  would  in  like  manner  be  formed.     With  the 

Eeroxide  of  barium,  this  very  change,  fi'om  the  action  of 
ydrogen,  takes  place ;  the  hydrogen,  according  to  the  usual 
explanation,  combining  with  its  oxygen,  and  forming  water, 
which  unites  with  the  real  earth,  forming  the  hydrate  ;  m  other 
words,  and  according  to  the  strict  expression  of  the  fiict,  the 
hydrogen  entering  into  the  composition,  and  forming  the  barytes; 
a  result  perfectly  analogous  to  the  formation  of  muriatic  acid 
from  oxymuriatic  gas  by  the  s^ency  of  hydrogen. 

The  evidence  in  support  of  this  doctnne,  it  is  evident,  is  of 
the  same  kind  as  that  with  regard  to  the  doctrine  appUed  to  the 
acids.  There  is  the  same  superior  probability  in  favour  of 
the  conclusion  that  the  elements  of  water  rattier  than  water 
itself  exist  in  these  compounds,  from  the  consideration  that 
modifications  of  properties  so  important  are  more  likely  to  arite- 
from  the  agency  of  these  elements  than  from  any  action  which 
water  can  exert.  And  that  water  does  not  exist  in  them  in 
consequence  of  the  strength  of  attraction  which  the  real  alkali, 
as  it  has  been  considered,  exerts  towards  it,  is  evident  from  this, 
that  on  the  same. principle  ammonia  ought  to  contain. combiaed 
water  in  its  insulated  form,  which  is  not  the  case.  .  The  combi- 
nation of  water,  therefore,  or  rather  of  its  principles,  in  these 
compounds,  depends  on  relations  subsisting  among  the  ultiBiate 
elfiu^nts^  not  on  an  affinity  exerted  by.  the  alkali , itself ;  aod  this 
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adds  confirmadon  to  the  conciusion,  that  these  elements  are  in ' 
ternary  union. 

Their  superior  alkaline  energy  compared  with  the  common 
metaUic  oxides  may  obviously  anse  from  the  joint  action  of  the 
hydrogen  and  oxygen,  in  the  same  manner  that  the  acidity  of 
the  ternary  compared  with  the  binary  acids  is  increased  by  a 
similar  constitution.  Thus  the  class  of  alkalies  will  exhibit  the 
same  relations  as  the  class  of  acids.  Some  are  compounds  of  a 
base  with  oxygen :  such  are  the  greater  number  of  the  metallic 
oxides,  and  several,  probably,  of  the  earths.  Ammonia  is  a 
compound  of  a  base  with  hydrogen.  Potash,  soda,  barytes, 
strontites,  and,  probably,  lime,  are  compounds  of  bases  with 
oxygen  and  hydrogen  ;  and  these  last,  like  the  analogous  order 
among  the  acids,  possess  the  highest  power.  Many  of  the- 
metallic  oxides,  however,  in  the  state  in  which  they-  combine 
with  the  greatest  facility  with  the  acids,  are  hydrates ;  that  ia^ 
supposed  compounds  of  the  oxide  with  water,  but  probably 
temaiy  compounds  of  the  metal  with  oxygen  and  hydrogen ; 
and  their  facility  of  combination  may  depend  on  this  constitu- 
tion. The  same  principle  explains  the  necessity,  not  otherwise 
easily  accounted  for,  of  the  presence  of  water,  to  enable  some 
of  the  earths,  as  barytes,  to  combine  with  acids. 

There  are  two  views  under  which  the  neuti^al  salts  may  be 
considered  in  the  preceding  theory.  It  has  been  shown,  that 
-when  water  is  obtained  in  the  action  of  a  salifiable  base,  whether 
alkali,  earth,  or  metallic  oxide,  there  is  reason  to  infer  that  this 
water  is  formed  by  the  hydrogen  and  part  of  the  oxygen  of  the 
acid  entering  into  binary  combinations ;  and  when  water  is 
obtained  from  an  alkali  by  the  action  of  an  acid,  there  is  the 
same  reason  to  believe  that  it  is  formed  by  the  combination  of 
the  hydrogen  of  the  alkali  with  a  portion  of  its  oxygen.  In 
these  cases  it  may  be  supposed,  tnat  the  radical  of  the  acid 
combines  with  its  remaimng  oxygen,  forming  a  binary  com- 
pound, which  may  still  be  considered  as  an  acid  ;  and  that  the 
radical  of  the  alkali  combines  with  its  remaining  oxygen,  forming 
a  binary  compound,  which  may  be  regarded  as  an  alkali ;  and 
these  two  compounds  may  unite  with  each  other,  forming  the 
neutral  salt.  This  is  conformable  nearly  to  the  common  doc- 
trine. But  there  is  another  point  of  view  under  which  the 
subject  may  also  be  considered.  A  ternary  coml)i nation,  into 
which  oxygen  and  hydrogen  enter,  gives  rise  apparently  to  a  ' 
higher  state  of  acidity,  and  to  a  greater  degree  of  alkaline 
enerey  than  is  acquired  from  a  mere  binary  combination  into 
which  oxygen  enters.  It  is  doubtful,  therefore,  if  such  binary 
compounds  were  formed,  if  they  would  constitute  either  acid  or 
alkan.  And  there  is  at  least  no  proof  of  their  formation.  In 
all  these  cases,  while  the  hydrogen  r  'H)mbines  with  the 

requisite  proportion  of  oxygen  formii  he  radical  of  the* 

acid  and  the  radical  of  the  base  mf  .th^:  - 
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remaining  oxygen,  and  form  a  ternary  compound.  And  where 
hydrogen  is  not  present,  such  a  combination  may  be  at  once 
established. 

It  is  not  easy  to  determine  which  of  these  opinions  is  just. 
The  reason  above  stated  renders  the  latter,  peihaps,  more 
probable  ;  and  the  view  which  leads  to  the  conclusion,  that  in 
the  constitution  of  the  acids  and  alkalies  the  three  elements, 
when  present,  are  in  simultaneous  combination,  leads  also  to  a 
similar  conclusion  with  regard  to  the  constitution  of  the  neutral 
salts.  If  this  be  adopted,  neutralization  is  not  the  saturation  of 
acid  with  alkali,  and  the  subversion  of  the  properties  of  the  one 
by  the  opposed  action  of  those  of  the  other,  but  is  the  change  of 
composition  of  both,  and  the  quieseence  of  the  elements  in  that 
proportion  in  which  their  affinities  are  in  a  state  of  equilibrium 
without  any  excess.  The  compounds,  therefore,  have  htde 
activity ;  and  energy  of  action  is  restored  only  by  the  reproduc- 
tion of  substances,  which,  by  their  mutual  attractions,  tend  to 
tile  same  state  of  quiescence. 

All  these  results  display  more  fully  the  extensive  relations  of 
the  two  elements,  oxygen  and  hydrogen.  They  do  not  act 
merely  in  opposition,  as  had  been  imagined,  but  more  frequently 
in  umon,.  producing  similar  effects.  Hydrogen  is  of  nearly 
equal  importance  with  oxygen ;  and  the  principal  details  of 
chemistiy  consist  in  their  modified  action  on  inflammable  and 
metallic  bodies. 


Article  VI. 


On  the  Persulphates  of  Iron.     By  Mr.  Cooper. 

(To  Dr.  Thomson.) 

DEAR  SIR,  89,  Strand^  March  16,  1819. 

I  FEEL  very  happy  in  being  able  to  confirm  your  analysis  of 
the  persulphates  of  iron  contained  in  Vol.  X,  No.  LVI,  of  your 
Annah  of  Philosophy,  and  also  to  verify  the  conjecture  you  have 
thrown  out  of  there  being  a  persalt  of  iron  containing  an  excess 
of  sulphuric  acid.  This  salt  I  have  formed  by  boiUng  recently 
precipitated  peroxide  of  iron  (from  nitric  acid  by  anunonia)  in  a 
considerable  excess  of  sulphuric  acid  ;  the  solution  goes  on  but 
slowly ;  but  when  obtained,  if  it  be  evaporated  to  the  consistence 
of  syrup,  it  will  in  a  few  days  deposit  crystals  :  these  are  the 
bipersulphate  of  iron.  I  find  the  crystaUization  to  succeed  better 
when  a  small  excess  of  acid  is  present.  The  form  of  the  crystal  .is 
that  of  an  octohedron  ;  some  of  the  soUd  angles  are  tninci^, 
some  of  the  edges  are  bevelled,  and  in  others  the  edges  are 
truncated,  while  others  of  them  are  the  perfect  octohedron. 
These  crystals  are  permanent,  and  are  perfectly,  transparent  and 
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coiaurless ;  they  do  not  at  all  indicate  the  presence  of  iron  fay 
the  taste^  which  exactly  resembles  that  of  alum.  They  are 
very  soluble  in  water^  and  contain  a  considerable  quanti^  of 
that  fluid  combined,  as  will  be  shown  in  the  sequeL  They 
■undergo  the  watery  fusion ;  and,  when  fused  in  their  Ofwn  water 
of  crystal&zation,  immediately  change'  their  colour  and  be-* 
come  red ;  and  if  the  whole  of  the  water  be  driven  off  by  heat, 
the  dry  mass  is  converted  into  two  substances,  one  of  wnich  is 
soluble,  but  the  other  and  greater  portion  insoluble  in  water :  this 
latter,  however,  is  readily  taken  up  by  the  addition  of  muriatic  acid. 
Three  hundred  and  eighty  grains  of  it  were  dried  at  a  tempera- 
ture of  about  300®  Fahr.  and  lost  200  gr.  of  water :  the  wncde, 
being  redissolved  by  the  addition  of  a  small  quantity  of  muriatic 
acid,  the  oxide  of  iron  precipitated  by  ammonia,  and  the  sulphuric 
acid  by  muriate  of  barytes,  gave  of 

Peroxide  of  iron.  .  • . .' 60  gr. 

Sulphate  of  barytes  352  gr.  =  sulphuric  acid.  4  120 
Water ;.,.. 200 

This  is  ihe  mean  of  three  experiments  ;  and  from  these  data, 
you  will  perceive  the  composition  of  this  salt  to  be 

1  atom  peroxide  of  iron 
+     2  atoms  sulphuric  acid 
+  15  atoms  of  water,  or 

1  atom  of  peroxide  of  iron 40 

2  atoms  sulphuric  acid .  • 80 

15  atoms  water •  ,^ 136 

considering  hydrogen  as  unity,  and  oxygen  8. 

I  feel  confident  of  the  existence  of  another  salt  of  iron  contain- 
ing a  still  larger  quantity  of  acid ;  and  I  have  little  doubt 
that  I  shall  be  able  to  obtain  it  in  a  distinct  form.  If  I  should 
be  successful,  I  shall  send  you  the  results ;  but  hitherto  I  have 
obtained  it  only  in  very  minute  crystals,  and  which  it  is  diffi- 
cult to  free  from  the  adhering  excess  of  acid.  The  way  iQ 
which  I  have  formed  this  salt  is  as  follows : — After  separating  twb 
crops  of  crystals  of  the  bipersulphate,  I  added  sulphuric  acid 
to  Uie  mother  Uquor,  and  evaporated  till  a  peUicle  formed  on  the 
surface:  on  cooling,  the  salt  in  question  separated.  These 
crystals  appear,  when  very  hi^3^  magnified,  in  the  form  oi 
quadrangiuar  plates.  They  are  sU^htly  deliquescent  (but  this 
probably  may  be  owing  to  the  adhermg  acid) ;  they  are  perfectly 
white,  and  have  a  pearly  lustre  ;  their  taste  is  very  acid,  but  not 
so  as^ngent  as  the  former  salt ;  when  caustic  alkaKe  ed 

to  them,  they,  immediately  indicate  the  presence  e^  ^ 

iron.  Owing  to  the  above*mentioned  circumstances 
not  being  able  to  get  this  substance  in  a  fottn  ^\ 
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hire  not  yet  attempted  it ;  but  hare  little  doubt  of  its  being  the 
•alt  yon  predicted,  composed  of  one  atom  oxide  of  iron,  and 
three  atoms  an^uric  acid. 

I  mean  to  continue  the  investigation  of  these  singular  salts; 
and  if  I  am  so  fortunate  as  to  discover  any  more  of  their  proper- 
tita,  I  will  transmit  you  the  results.    I  remain,  dear  Sir, 

Veiy  sincerely  yours, 

John  Thomas  Coofek. 


i^p- 
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VI*  Observations  on  the  Heights  of  Mountains  in  the  North  of 
Enf^land.  By  Thomas  Greatorex,  Esq.  F.L.S. — Mr.  Greatorex, 
dormg  the  summer  of  1817,  measured  the  height  of  Skiddaw 
above  Derwentwater  by  levelling.  At  the  same  time,  he  ob- 
served the  height  by  an  excellent  mountain  barometer,  made  by 
Ranffiden,  while  Mr.  Crosthwaite,  of  the  Keswick  Museum, 
observed  another  barometer,  placed  10  yards  above  Derwent- 
water, every  half  hour.  An  observation  was  made  by  means  of 
the  mountam  barometer  during  the  levelling  at  every  50  yards  of 
descent.  The  following  are  the  results  obtained  by  these  differ- 
ent neaiBurements : 

Yds.    Ft.    In. 

Skiddaw,  above  the  lake 936    0    3^ 

Derwentwater,  above  the  sea  at  low  water-mark 
by  Mr.  Crosthwaite's  measurement 76    0    0 

Height  of  Skiddaw  above  tiie  sea  by  levelling  ••..1012     0    3^^ 

Inches. 

Bar(Mteter  below  (10  yards  above  the  lake)  30*050  therm.  6P 

Barometer  above 27*156  attached 

therm.  67<' ;  detached  ditto  50°. 

Yards.  Error. 

Hence  the  height  by  Dr.  Maske- 

iyne'ft  formula 926-1685       •.  +  0-1685 

By  Dr.  Button's  formula 925*2850       .  •  —  0*7150 

At  50  yards  down, 

Height  by  measurement 876*000000  ..  — 

By  Maskelvne^s  formula.... ••..  «73- 194477   .,  -  2-806523 
^Httttoa^sionmila.  ...«,«.«**         ~-       ..•- 3-948006 
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Tardi. 
At  100  yards  down, 

Height  by  measurement 826"00000 

By  Maskelyne's  formula 821-71247 

By  Button  s  formula.  ••••••••••  — 

At  150  yards  down, 

Height  by  measurement 776*0000 

By  Sf askelyne's  formula 772-3067 

By  Button's  formula. — 

At  200  yards  down. 

Height  by  measurement 726*0000 

By  Maskelyne's  formula 724*  7246 

By  Button's  formula — 

At  250  yards  down, 

Beight  by  measurement 676-000 

By  Maskelyne's  formula 672-262 

By  Button  s  formula ^ .  • .  • .  — 

At  300  yards  down, 

Beight  by  measurement  .••••...  626-000 

By  Maskelyne's  formula 616-731 

By  Button^s  formula — 

At  350  yards  down. 

Height  by  measurement 676*0000 

By  Maskelyne's  formula 666*3646 

By  Button  s  formula ~ 


Part 


n.      aoi 

EfTQfV 


-  4-28783 

-  4- 


."^KV^I 


-  3-6943 

-  4*6444 


4  • 


1-2755 
2-0920 


3-7480 
4-3162 


9-2690 
9-6632 


9-6366 
9-9100 


Ditt.  from 
sammit. 


Yardi. 

400 

400* 

450 

600 

660 

600 

660 

700 

760 

800 

860 

900 


Height  by 
measureoeDt. 


Yardf. 
626 
626 

476 
426 
376 
326 
276 
226 
176 
126 
76 
26 


Error  of  baronrtrlcal  ncMnreiDeiit. 
By  MaikeljiBe'f  fonoala.  |  ByUnttoB'tfenaaU. 


Yard*. 
-12-687200 

-  8-102470 

-  6-733300 

-  8-116700 
-10-167300 

-  2-901242 

-  9-108600 

-  4-166800 

-  4-607000 

-  8-180000 

-  6-631820 

10 


Yard*. 

-12-8400 

-  8-6740 

-  6-2614 

-  8-6600 
-10-6186 

-  3-3260 

-  9-4460 

-  4-4460 

-  4-8880 

-  8-2996 

-  6-4918 
•f  3-3130 


•  Byapotber 
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Dr.  Mastclyne's  formula  for  determining  the  height  of  momi- 
tains  by  the  barometer  is  as  /oUows : 

1 .  Take  the  difference  of  the  tabular  logarithms  of  the  obserred 
barometrical  heights  at  tlie  two  stations,  considering  the.  first 
four  figures  (exclusive  of  the  index)  as  whole  numbers. 

2.  Observe  the  difference  of  Fahrenheit's  thermometer  at  the 
two  stations  ;  multiply  this  difference  by  0*454,  and  add  OBt  sub- 
tract this  product,  according  as  the  thermometer  was  highest  at 
the  upper  qc^Iow  station,  which  will  give  an  approximate  height. 

3.  Take  the  mean  between  tlie  two  altitudes  of  the  thermo- 
meter, and  find  the  difference  between  this  mean  and  32*^^ 
Multiply  the  approximate  height  bys  this  difference,  and  the 

{redact  by  the  decimal  fraction  0-00244-    This  last  conrectioa 
eing  added  to,  or  subtracted  from  the  approximate   height^ 
accordipg  as  thjs  mean  of  the  two  altitudes  of  Fahrenheit's  ther*. 
mometer  was  greater  or  less  than  32^,  will  give  the  true  height 
of  the  upper  station  in  EngUsh  fathoms. 
Dr.  Iiutton's  rules  are  as  follows : 

1.  Let  the  heights  of  the  barometer  at  the  top  and  bottom  of 
any  elevation  be  observed  as  nea^  the  same  time  as  may  be,  as 
also  the  temperatures  of  the  attached  thermometers,  and  the 
temperature  of  the  air  in  the  shade  at  both  stations,  by  means  of 
detached  thermometers. 

2.  Reduce  these  altitudes  of  the  barometer  to  the  same  tem- 
perature by  augmenting  the  height  of  the  mercury  in  the  colder 
temperature,  or  diminishing  that  in  the  warmer  by  its  -j-^Vs-  P^ 
for  every  degree  of  difference  between  the  two. 

3.  Take  tie  difference  of  the  common  logarithms  of  the  tW9 
heights  of  the  barometer  (so  corrected),  considering  the  first 
four  figures  as  whole  numbers,  which  will  give  an  approximate 
height. 

.  4.  Take  the  mean  of  the  two  detached  thermometers :  and  for 
every  degree  which  this  differs  from  31°,  take  so  many  times  the 
^^  part  of  the  approximate  height ;  and  add  them,  if  the  mean 
temperature  be  above  31°  ;  but  subtract  them  if  it  be  below  31°; 
and  the  sum  or  difference  will  be  the  true  altitude  in  fathoms: 

These  formulas  have  been  somewhat  modified,  ai;id,  perhaps, 
improved  by  subsequent  philosophers.  But  the  improvements 
would  not  remove  the  striking  anomalies  observable  in  the 
preceding  table  from  Mr.  Greatorex's  observations. 

VII.  On  the  different  Methods  of  constructing  a  Catalogue  of 
the  fixed  Stars.  By  J.  Pond,  Esq.  F.R.S.  Astronomer  Royal. — 
This  paper  contains  a  set  of  judicious  observations  highly  worthy 
of  the  attentien  of  astronomers.  But  as  it  would  be  in  vain  to 
expect  that  a  subject  of  such  a  nature  would  be  interesting  to 
readers  in  general,  we  shall  not  attempt  an  abstract  of  it.  We 
learn  a  curious  fact  from  this  paper,  which  redounds  highly  ta 
the.  credit  of  the  instruments  at  the  Greenwich  Observatory  and 
of  the  Astronoioers  Royal.    The  late  Dr«  Maskdyne  had  con- 
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gtracted  a  catalogue  of  the  fixed  stars,  and  Mr.  Pond  has  done 
the  same  in  quite  a  different  way.  Yet  the  position  of  the  stars' 
in  the  two  catalogues  coincides  within  a  small  fraction  of  a 
second. 

VIII.  A  Description  of  the  Teeth  of  the  Delphinus  Gangeticus. 
By  Sir  Everard  ELome,  feart.  V.P.R.S. — The  Delphinus  gange- 
ticus  was  described  by  the  late  Dr.  Roxburgh  in  the  seventh 
volume  of  the  Asiatic  Researches,  published  in  1781.  It  is 
noticed  by  Dr.  Shaw  in  the  second  volume  of  his  General 
Zoology,  published  in  1801 ;  but  so  inaccurately,  that  the 
description  seems  rather  to  apply  to  another  animal.  The  author 
of  this  paper  got  a  specimen  of  the  upper  and  lower  iaw  of  this 
animal  from  Sir  Joseph  Banks  17  years  ago,  which  has  been 
deposited  ever  since  m  the  Hunterian  collection.  But  it  was- 
only  the  other  day  that  he  discovered  "by  an  accidental  reference 
to  the  Asiatic  Researches  the  name  of  the  animal  to  which  the 
jaws  belonged.  He  gives  a  figure  of  these  jaws,  and  a  short 
description  of  the  teeth.  They  are  120  in  number,  30  in  each 
jaw.  The  upper  part  of  the  tooth,  which  is  covered  with 
enamel,  has  the  figure  of  the  point  of  a  flattened  cone.  The 
under  part  is  destitute  of  enamel,  spreads  out,  increasing  consi-' 
derably,  in  breadth,  but  not  in  thickness,  till  it  is  at  last  imbedded 
in  the  substance  of  the  jaw  itself. 

IX.  Description  of  an  acid  Principle  prepared  from  the  lAthic 
or  Uric  Acid,  By  William  Prout,  M.D. —  Fhe  author  has  ascer- 
tained that  the  beautiful  pink  substance  formed  when  uric  acid 
is  heated  with  nitric  acid  is  a  compound  of  a  pecuUar  acid,  to 
which  Dr.  WoUastoji  gave  the  name  of  purpuric,  and  ammonia. 
It  may  be  formed  by  dissolving  uric  acid  in  dilute  nitric  acid.  The 
excess  of  nitric  acid  is  then  to  be  saturated  with  ammonia,  zndr 
the  whole  slowly  concentrated  by  evaporation.  As  the  evapo- 
ration proceeds,  the  colour  of  the  hquid  becomes  a  deeper  purple, ' 
and  dark  red  granular  crystals  soon  begin  to  separate  in  abund- 
ance. These  crystals  are  dissolved  in  caustic  potash,  and  heat 
applied  till  the  red  colour  entirely  disappears.  The  alkaUne 
solution  is  then  gradually  dropped  into  dilute  sulphuric  acid^, 
which  uniting  with  the  potash,  the  acid  is  deposited  m  a  state  of 
purity.  •  Uric  acid  is  likewise  converted  into  purourate  of 
Ammonia  by  chlorine  and  ibdine. 

Purpuric  acid  has  a  slightly  yellow  or  cream  colour.  It  has 
no  smell  or  taste.  Its  specific  gravity  is  considerably  higher 
than  that  of  water.  It  is  scarcely  soluble  in  water ;  that  hquid 
not  being  capable  of  dissolving  To6oo^h  of  its  weight  of  purpuric 
acid.  It  is  insoluble  in  alcohol  and  ether.  It  dissolves  in  the 
oouc^itrated  mineral  acids,  and  in  the  alkaline  Solutions  it  dis- 
solves readily.  But  it  is  insoluble  in  dilute  sulphuric,  muriatic, 
and  phosphoric  acids,  and  hkewise  in  oxalic,  citric,  and  tartaric 
acids,  ifitric  acid  dissolves  it  with  effeWescence,  and  converts ' 
it  into  purparate  of  ammonia.    It  does  not  attract  mo^uXxxx^  ^^sisl' 
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the  air,  nor  redden  litmus  paper.    When  kept,  it  mcquires  a  red 
colour^  and  is  partly  converted  into  purpurate  of  ammonia. . 

Its  constituents^  according  to  the. analysis  of  Dr.  Prout,  ate 
as  follows : 

Hydrogen  2  atoms =  0-25  or  per  cent.    4*54 

Carbon  2  atoms 1-60 27-27 

Oxygen2atoms 2-00   36-36 

Azote  1  atom 1-75 31-81 


6-50  99-98 

But  as,  his  analysis  was  limited  by  the  small  quantity  of  acid  in 
his  possession,  he  seems  to  place  but  Utile  confidence  in  the 
accuracy  of  the  preceding  numbers. 

The  put-purate  of  ammonia  crystaDizes  in  four-sided  prisms, 
which,  when  viewed .  by  transmitted  Ught,  have  a  deep  garnet 
red  colour.  But  by  reflected  light,  the  two  broadest  faces  appear 
of  a  brilliant  green,  while  the  other  two  faces  appear  of  dnH 
reddish  brown  colour.  It  is  soluble  in  about  1500  parts  of  water, 
and  the  solution  has  a  deep  carmine  red  colour.  The  solution 
has  a  slightly  sweetish  taste  ;  but  no  smell. 

The  other  purpurates  were  obtained  by  double  decomposition 
from  purpurate  of  ammonia. 

Purpurates  of  potash  and  soda  are  red.  They  may  be  obtained 
in  crystals,  which  resemble  in  colour  purpurate  of  ammcnii. 
The  latter  is  much  more  insoluble  in  water  than  the  former. 

Purpurates  of  lime,  strontian,  barytes,  are  green-coloured 
powders,  which  form  reddish  purple  solutions  in  boiling  water. 

Purpurate  of  magnesia  is  a  very  soluble  salt  of  a  most  beauti- 
ful purple. 

Purpurate  of  ammonia  does  not  throw  down  gold,  platinum, 
copper,  lead,  nickel,  or  iron,  from  their  solutions  in  acids. 

Silver  is  thrown  down  deep  purple ;  mercury^,  reddish  purple ; 
zinc,  golden  yellow ;  tin,  pearl  white ;  and  cooalt,  reddisn.  . 

X.  Astronomical  Observations  and  EocperimentSy  selected  for 
the  Purpose  of  ascertaining  the  relative  JDistances  of  Clusters  of 
Stars,  and  of  investigating  how  far  the  Power  of  our  Telescopes 
may  be  expected  to  reach  into  Space  when  directed  to  ambiffious 
celestial  Objects.  By  Sir  William  Herschel,  Knt.  Guelp.  LL.D. 
F.R.S.— As  it  wouldi  be  scarcely  possible  to  render  this  curious 
but  rather  intricate  subject  intelligible  to  our  readers  widioot 
devoting  to  it  a  greater  portion  of  space  than  we  can  well  sparer 
I  am  under  the  necessity  of  refemng  those  who  wish  to  study 
the  subject  to  the  paper  itself. 

,  XI.  On  the  Structure  of  the  poi^nous  Far^s  of  Serpents.  Bf 
Thomas  Smith,  Esq.  F.R.S. — When  the  poisonous  fiuigs  of 
serpents  are  attentively  examined,  a  slit,  or  sutor^  may  be 
observed  extending  along  the  convex  side  from  the  foramen  at 
the  base  to  the  aperture  near  the  point.  This  is  the  consequakCft 
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of  the  mode  of  formation  of  the  tube  which  Mr.  Smith  has  first 
pointed  out.  The  tube  he  has  foond  to  be  completely  external^ 
and  formed  by  a  deep  longitudinal  depression  in  the  surface  of 
the  pulp,  which  is  destined  to  become  the  tooth.  When  the 
pidp  is  converted  into  tooth,  the  edges  of  it  come  gradually  into 
contact,  and  thus  convert  the  depression  into  a  tube.  This  tube 
is  not  lined  with  enamel,  and  in  the  common  viper  to  the  two 
sides  of  the  tooth  are  cemented  together  by  the  enamel,  which 
thus  constitute  the  sutor  of  the  tooth. 

XII.  On  the  Parallax  of  a  Aquila,  By  John  Pond,  Esq* 
F^R.S.  Astronomer  Royal. — From  a  set  or  observations  made 
with  the  telescope,  erected  for  the  express  purpose  of  observing 
this  star,  in  which  it  was  compared  with  /  regasi,  Mr.  Pond 
considers  himself  entitled  to  conclude,  that  it  exhibits  no 
evidence  whatever  of  having  a  parallax. 

XIII.  ,0n  the  Parallax  of  the  ^ed  Stars  in  right  Ascensions 
By  John  Pond,  Esq.  F.R.S.  Astronomer  Royal. — ^The  observafi 
tiohs  contained  in  this  paper  coincide  with  those  formerly  made 
by  Mr.  Pond,  in  showing  that  the  parallax  of  the  brightest  stars 
cannot  possibly  exceed  half  a  second,  and  that  it  is  very  unUkely 
tfauLt  it  snould  amount  to  half  that  quantity. 

XIV.  An  Abstract  of  the  Results  deduced  from  the  Measure^ 
ment  of  an  Arc  of  the  Meridian,  eoetendingfrom  Lot.  W*V  38*4'' 
te  Lot.  \9P  y  23-6'^  N.  being  an  Amplitude  9^  63'  46-2'%  By 
Iieat.-CoI.  William  Lambton,  F.R.S.  33d  regiment  of  foot.^- 
Some  account  of  the  results  of  this  interestine  measurement  was 
civen  in  the  last  number  of  the  Atinals  oj  Philosophy.  CoL 
Lambton  is  in  hopes  that  the  measurement  of  the  arc  wiU  be 
eqntinued  still  further  north,  and  that  at  some  future  period  it 
may  be  extended  even  as  far  north  as  Delhi. 
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Bdf.  26<-^A  paper,  by  Sir  H«  Davy,  was  read,  on  the  forma- 
tion of  mists  in  particular  situations.  The  author  commenced 
by  observing,  that  the  fall  of  temperature  after  sun-set  is  greater 
on  land  than  on  water ;  and  referred  to  the  well-known  peculia* 
lity  in  the  expansibili^  of  water  at  temperatures  below  4ff,  as 
tbe  cause  by  which  both  the  water  and  the  superincumbent  air 
are  preserved  at  a  superior  temperature,  when,  therefore, 
aecoraing  to  Sir  H«  Davy,  the  ccid  and  comparatively  dry  land 
mt  nixes  with  the  warmer  and  moister  air  resting  upon  the 
w«tcr,  the  4m  of  the  temperature  of  the  latter  occa- 

flioiied  hf  iMs  cy  to  separate  a  portion  oC 
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At  tills  meeting  al80>  apaper>  by  Owti  Ei  Sa&p|l»}  4i^4Bfid, 
entided  ^*  Observations  on  the  Dip  and  VariatiOB  ctf*  tb^AI^- 
netie  Needle^  and  on  the  Intensity  of  the  M\5Lgri6tic>F(lt«My^cte 
during  the  late  Voyage  in  Search  of  a  North-W^t  -PalgM^' 
The  author  stated^  that  the  dipping  needle  employ^  ^inlfiMe 
observations  was  similar  to  that  described  by  Mr.  Cattiidishi 
and  made  by  the  same  artist.  It  was  sO  adjusted,  thatcm  ^revei^ 
ing  the  poles^  the  dip  remained  unaltered ;  imd  it  was  {daced  in 
the  direction  of  the  magnetic  meridian  bv  a  compass,  ]^Bieed  at 
such  a  distance  as  to  remain  during  the  observation  fyt  the' pur- 
pose of  occasional  verification. 

In  determining  the  intensity  of  the  magnetic  force^^  a  niagnet 
was  employed  to  draw  the  needle  to  a  horizontal  position,  lie 
magnet  was  then  removed  at  an  observed  moment,  and  the 
needle  permitted  to  oscillate  till  the  arcs  became  too  amaQ  to 
be  observed.  At  every  tenth  vibration  both  the  arc  and  time 
were  noted. 

The  azimuth  conipasses  employed  by  Capt.  Sabine  to  deter- 
mine the  magnetic  variation,  were  made  upon  Oapt.  KlA^s 
improved  plan.  The  observations  were  generally  maoe  ^apontte 
ice,  to  avoid  the  great  irregularities  produced  on  board  fy'lite 
iron  of  the  ship.  The  results  of  the  whole  of  these  ^iSetGA 
classes  of  observations  were  arranged  in  the  form  of  tabled i-^V 

March  4. — A  paper,  by  Dr.  Brewster,  was  read,  on  dt^actite 
of  crystallized  surfaces  upon  Ught.  Malus  had  remarked  tiriilt'^ 
iaction  exerted  upon  light  by  the  first  surface  of  tcelaiid'^^  b 
independent;  of  the  position  of  its  principal  section; 'AaK-- its 
T^flectin^  power  extends  beyond  the  limits  of  the  polariM^ 
forces  of  the  crystal  i  and  that  as  li^ht  is  only  polaris^d'b^  n($M- 
trating  the  surface,  the  forces  wnich  produce  es^traOtwn^ 
refraction  be^in  to  act  only  at  this  Umit.  He  also  remtt^ked,' that 
the  angle  of  mcidence  at  which  this  spar  polarises  lig^by'^ptf- 
tial  reflection  is  664-^ ;  and  that  whatever  oe  the  angle 'iteludid 
between  the  plane  of  incidence  and  the  principal  section  df  life 
crystal,  the  ray  reflected  by  the  first  surface  is  always  p<datibed 
in  the  same  manner.  After  stating  these  observations  i^Msdtiiy 
Dr.  Brewster  proceeded  to  observe,  that  his  experiments' 
.  the  subject  led  him  to  draw  different  conclusions;;  and  i 
seemed  to  indicate  that  the  polarising  forces  extend  ^bc^ild^iihe 
crystal.  He  also  showed  that  the  force  of  double  refra^U^fand 
polarisation  oridnate  fi^m  the  surface  of  bodies^  thoilgblb 
intensity  depends  upon  the  inclination  of  the  surface  lo  flf^Mfadii 
of  the  crystal,  and  that  the  ordinary  and  eictraordini^liti^ 
may  be  extinguished  at  pleasure,  and  thus  a  doubly  rejfxitc^ 
crystal  be  converted  into  a  singly  refracting  one.  HeU^ 
showed  that  the  change  in  the  angle  of  polarisation  prQ^uced  by 
the  itii^rior  force  depends  on  the  inchhatiottof^Hitfe-feBS 
surface  to  the  axis  ot  the  crystal  and  upon  the  azimutl^al  ij^^,  _ 
v^rlnclitheplafte  of  reflection  forms  with  the  principal  s^^onV  ^ 
that  the  change  in  tVie  dix^cAiou  o€  the  polansatioa  depen(b 


^ij^a  ibte  jqtjQgle  which  tfaQ  incideut  ray  fomiB  with  the  9xi&  of  the 
.^l^t^ti.)  ^he  |)a|>er  colitiwed  numerous  experimental  details.. 
^i}^iA^  ti^jln^eting  there  was  also  read  a  paper,  by  Sir  E/Home, 
'&^e^.'fi'^  nficauni  of  the  fossil  skeleton  of  an  animal,  .seveial 
pilfts :i9f  whiQU^have  been  already  laid  before  the  Society  in  three 
PQpt^mte;  papers.  The  author,  after  referring  to  his  former  papers, 
.^[poeiedea  to  descjcibe,  in  general  terms,  and  principally  witn  tlie 
yi^w  of  ^rrecting  his  previous  account,  a  specimen  recently 
£)Uadi  neajiy  in  an  entire  state.  The  only  parts  wanting  were  some 
of  the.  bones  of  the  pelvis  and  the  lower  part  of  the  sternum.  A 
beautiful  drawing  ot  the  animal  of  its  natural  size  accompanied 
the  paper,  which  rendered  minute  description  unnecessaiy. 

,March  11. — ^A  paper,  by  C.  Bonnycastle,   Esq.  wa^  read, 

/^titleid,  '^  On  the  Pressures  which  sustain  a  heavy  Body  in 

Equilibrium  when  the  Points  of  Support  are  more  than  three.'' 

The  author,  after  some  general  remarks,  observed,  that  tins  is  a 

problem  which  has  hitherto  never  been  satisfactorily  investigated^ 

though  its  assistance  is  necessary  in  estimating  the  strength  of 

;l^4ges  ai^d  materials  in  general,  and  in  determining  the  deflec- 

t^JX  aAd  cvurvature  of  elastic  plates.    The  difficulties  attending 

jitieiaviestigation  of  this  problem  were  referred  by  Mr.  B.  to  the 

tAo  .'great  generality  of  the  method  of  investigation  hitherto 

empliji^ed,  and  which,  for  the  most  part,  has  consisted  not  in 

vth^ ,  direct  solution  of  the  equation,  hut  in  comparing  it  with 

4^Q^er  admitting  of  a  more  easy  solution.. ;  The  author,  after 

^oa^i^,f}ffih.er  remarks,  observed,  that  there  is  no  method  purely 

j9^a^^maatical  by  which  the  difficulty  can  be  surmounted ;  fpia 

;^Jh|^,when  abstractedly  considered  it  appears  impossible  to  deter- 

9^^  fhe  pi^essures  wnich  ^  heavy  body  exerts  when  supported 

yqj^xfywot  more  fulcra.      By  considering,  however,  the  cir- 

jcifin^tances  under  which  pressure  is  usually  generated,  we  shall 

l^tenabj[ed,.the  author  continued,  to  discover  the  law  of  its  dis- 

itfipUlJiQn,  and  this  law  must  always  govern  its  proportional  quan- 

vji^es  .^d  intensities.     Mr.  B.  then  proceeded  to  examine  the 

ij^^t^ect  in  this  point  of  view,  and  to  explain  the  general  law  of 

.^6:  distribution,  of  pressure  on  determinate  fulcra  in  different 

ito^^Q^^*..  1^^  paper  concluded  with  an  investigation  of  the 

^'Bg^f  ^h^n  the  number  of  points  of  support  is  infinite;  or  in 

ffti^(kiWOt4^s  consists  of  a  line  or  plane  surface. 

Sri^iferfJ;lii-r-*A  letter  by  Dr.  Granville  was  read,  the  object 

^f  f^^b:W§s, to. correct  a. mistake  in  his  paper  in  the  last 

rYPJbu^  ^f  the  Transactions  of  the  Royal  Society,  and  which  had 

^^  P|0^t§4  out  to  him  by  Dr.  Maton* 

iOfcffeiT?  %p^''THE  !E  arts,    MANUFAC- 

^^/'f    ^^'r       ''■'  TUKE^,  AND    COMMERCE* 

j^^, ll^^cS^o^t^ Jtiis  voted  the  folio wiiig  rewards  ainqe  February 
.  fj^T^irl^ana^^  at  possesses 
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a  greater  compass  than  the  douUe  bass,  and  can  be  pexftoni^ 
upon  with  as  much  facility  as  the  vioUnceHo ;  and  as'  its  ton^  is 
much  less  powerful  than  that  of  the  double  bass,  it  will  be.  found 
a  most  desirable  acquisition  in  chamber  concerts.  The  Socie^ 
awarded  its  gold  Isis  medal  to  Mr.  Barraud  for  this  invention. 

Mr.  G,  Khodes^s  Warp  Drier. — ^The  warp  is  wound  upon  a 
sort  of  reel  in  a  spiral  manner,  leaving  spaces  between  eacn  coil 
for  the  air  to  enter  and  dry  the  warp :  it  will  be  found  veiy  use- 
ftd  to  woollen  weavers,  as  it  enables  them  to  dry  their  warps  in 
the  house  instead  of  exposing  them  at  full  length  along  the 
highways,.  &c.  as  usual.  The  Society  voted  its  silver  Isis  medal 
and  10  guineas  to  Mr.  Rhodes  for  this  invention. 

Mr.  Donovan's  British  Cured  Herrings. — Mr.  Donovan  hav- 
ing resided  for  a  long  time  in  Holland,  ana  witnessed  the  methods 
used  there  in  curing  their  celebrated  herrings,  was  at  the  pains 
of  repeatedly  bringing  over  Dutch  fishermen  and  curers  to 
instruct  the  Highland  fishermen  in  those  processes,  and  bflis 
completely  succeeded  therein.  The  Society  has  awarded  its 
premium  of  the  gold  medal,  or  50  guineas,  to  Mr.  Donovan  for 
this  laudable  undertaking. 

Mr.  Thomas  Taylor^s  Repeatiiig  Alarum. — This  instroment 
has  been  found  of  great  service  in  the  Royal  Observatoiy  at 
Greenwich,  in  giving  the  astronomer  timely  warning  of  the 
passage  of  certain  stars,  &c.  either  by  day  ornight,  and  thereby 
affordmg  him  opportunities  of  making  observations  which  might 
otherwise  be  lost.  The  Society  voted  the  sum  of  1$  guijo/eAs  to 
Mr.  Taylor  for  this  invention. 

Mr.  Richard  Greenes  GaugCy  or  Plough,  for  cutting  Z««^ 
StrapSy  ^c. — This  instrument  vnU.  be  found  useful  to  sadtf e^, 
bridle  cutters,  harness  makers,  8cc.  as  it  performs  its  wcrtt  fwith 
great  accuracy  and  expedition,  and  the  edge  of  the  knif&i9:iiftyer 
injured  by  coming  into  contact  with  the  cutting  Ix>sffd«  .."Xbe 
Society  awarded  its  silver  Isis  medal  to  Mr,  Green  fox  ibis 
invention.  \i 

Mr,  William  Feetham*s  Chimney  Sweeping  Appatsutmkr^^J 
the  introduction  of  a  door  into  the  flue,  as  near  the  tpp  ^A^ 
chimney  as  convenient,  with  a  pulley  affixed  to  it, ;  th^;pai£x>f 
the  chimney  below  the  door  may  be  conveniendy  .an^pl'iby 
means  of  a  line  and  brush,  with  an  iron  ball  in  a  swivel  <!affi^ 
thereto ;  and  the  part  above  the  door  may  be  cleaned  by^amidier 
brush  attached  to  a  flexible  handle  ;  and  in  meet  cai^^a.  \wfliout 
the  use  of  climbing  boys.  The  Society  adjudgjad :  its^Ijaher 
medal  to  Mr.  Feetham  fot  this  invention,      ;      .       ; T       .  jsti 

Mr.  Fmrer's  Clock. — This  is  an  impr<>V!^Qat:  or  t^  ffclie- 
wheeled  clocks  recommended  by  Dr.  JFn^iikJiin  '^d  Mr.  .-fliMi- 
8on,  by  which  they  will  go  longer  viriiUout  wii^diig-np^'anft^ 
continue  ip  action  whilst  winding.  The  Sodie^y  ygtedits^afllcr 
Isis  medal  to  Mr.  Fayrer  for  this  invention.    ... \^    -  "  ■A-^-'iin'- 

Mr.  William  Bullock's  Screen  Spring^^Tk^.  jQbjdtt^dTthis 

-  r  '*  .  -    V        '    t  ''-!■»-  k  -f . ■ 
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inteadan  is  to  do  away  the  mtaiy  which  the  piDaw  of  scareens 
iSustatti  from  the  rubbing  of  the  springs  in  common  use;,  it;  is 
also  tippScable  to  other  useful  purposes.  The  Society  awarded 
its  silver  Isis  medal  and  five  guineas  to  Mr.  Bullock  for  this 


invention. 


Article  IX, 

SCIENTIFIC   INTELLIGENCE,  AND   NOTICES  OF   SUBJECTS 

CONNECTED    WITH    SCIENCE. 

^  I.  Carbonate  of  Morphia. 

In  the  number  of  the  Annah  of  Philosophy  for  February, 

Sage   155,  I   gave  the  analysis  of  carbonate  of  morphia  by 
f.  Choulant.    The  proportions  in  which  the  morphia  and  car- 
bonic acid  are  unitea,  according  to  that  chemist,  differ  so  much 
bam  the  proportions  in  winch  morphia  unites  with  other  acidB, 
according  to  the  same  person,  that  there  must  obviously  be  an 
'  isanor  either  in  the  one  determination  or  the  other. 

•X   fiulphale  of  morphia  is,  according  to  Choulant,  a  compound  of 

_  _  »  * 

";'  .  Acid 6 

Morphia ■. , . .  9 

'    Here  9  represents  the  weight  of  an  atom  of  morphia.    By  the 

aceta,te,  it  weighs  7*791  ;  by  the  tartrate,  7*178 ;  and  by  the 

'*rftsrfcite,  its  weight  is  12' 16 ;  but  by  the  carbonate,  it  weighs  only 

'I"  -l  shall  here  state  the  method  by  means  of  which  Choultoti 
^dfcffOitd  the  carbonate  of  morphia  in  question,  and  his  mode  of 
^^ijkalysis,  to  enable  my  readers  to  determine  the  de^ee  of  confi- 
■-i4^nl^  which  they  may  put  in  the  results  which  he  has  given  us. 
He  put  a  drachm  of  pure  crystallized  morphia, in  four  ounces 
Y'Vif -distilled  water,  and  forced  carbonic  acid  into  the  liquid  by 
•-  ^eltoure  till  the  morphia  dissolved.  A  mixture  of  eight  parts 
^wy  mtttiate  of  lime  and  six  parts  snow  was  then  placed  round 
/  ihe*  cylindrical  glass  vessel  containing  the  liquid.  The  carbonate 
f  of't&orphia  wa&  precipitated  in  crystals,  and  obtained  pure  by 
i  ^browing  the  whole  upon  a  filter. 

»■":  fTo  analyze  the  salt  tiius  formed,  he  put  100  gr,  of  it  into  a 
*  -  small  retort  connected  with  a  Woulfe's  bottle,  containing  barytes 
water.    By  the  application  of  a  moderate  heat,  the  carbonic 
:|toid  separated,  and  threw  down  the  barytes  in  the  state  of 
/  carbonate  :  22  gr.  of  pure  morphia  remained  in  the  retort.    The 
*-  carbonate  of  barytes  formed  weighed  130*8  gr.    This  he  consi^ 
•ders  equivalent  to  28jgr.  of  carbonic  add,-  ^In*  ^  it  is 

equivalent  to  about  28-8  CT.  !^J* 

'  Tie  dissolved  another  100  gr.  of  carbonate  of  m 
juid  added  acetate  of  )ead  as  long  as  carboixaitA  oi . 
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to  fall.    The  Precipitate  weighed  176-2  gt.'.  pus;fer;c6ftit(let8 
equiYalentto  28  gr.  of  carbonic  acid,    ft'is'^ra  i^dit^iSq^^^ 
lent  lo  28*7  jtr.    Thus  these  two  analyses  cdndbOjf^^  .'ei^ 
other. — (See  Gilbert's  Annalen,  vol.  xlix.  412.)  '  '  T  ' 

II.  Iodine. 

Lampadius  has  observed  that  iodine  dissolves  wiiji  great 
facility  in  sulphuret  of  carbon,  and  gives  it  a  dark  reddish  brown 
colour.  One  grain  of  iodine  gives  a  deep  colour  to  1000  gr.  of 
{his  liquid.  Hence  he  recommends  the  sulphuret  of  c&rbOn  as 
an  excellent  reagent  for  detecting  the  presence  of  iodine. 

III.  Analysis  of  the  Tourmalin. 

I  mentioned  in  the  number  of  the  Annals  of  Philosophy  Jot 
last  July,  that  boracic  acid  had  been  detected  as  a  constitnent 
of  the  tourmalin.  This  discovery  was  announced  by  Lampadiu6 
in  March,  1818.  It  was  made,  he  says,  in  his  laDoratory,  by 
Mr.  Breithaupt  and  himself.  Since  that  time,  the  tourmalm  has 
been  examined  by  Dr.  Gmelin,  of  Tubingen,  with  the  express 
object  of  verifying  the  discovery  of  Lampadius.  But  hitherto 
his  efforts  to  detect  the  prei»ence  of  boracic  acid  have  been 
unsuccessfiil.  He  had  repeatedly  analy^s^  the  tourmalin  in 
BerzeUus's  laboratory,  and  had  always  met  with  the  same  loss 
as  had  occurred  to  Bucholz. 

IV,  Phosphate  of  Iron. 

M.  Vo^el,  of  the  Academy  of  Sciences  at  Mimich,  has  made 
a  set  of  experiments  tq  determine  the  compositiDn  ofthetiiiffe^Qt 
phosphates  of  iron.  Native  prussian  blue  (as  it  is  cdled)  he 
found  composed  of 

w a^er ••*••»•.•  ^ ••  ^ » %  9j\.'\j  . ' ^      r.: 

Protoxide  of  iron  •••...  41*0  ........  4*5 

Phosphoric  apid 26*4   2-9    . 


98-4 

Artificial  protophosphate  of  iron  he  fomid  composed  of. 

w ater •  ••.••••••.«••*  -4 / *u  .<■'■. 

.    ...    Protoxide  of  iron  . ,  •  • .  ^  43*6  •••...,.•  4*6     \ 

loric  acid.  *...*.  27*4  . .  r . .-. . .  2; 6 


t  T 


;  s>  y. 


if 


.-'•■■  '-    ^•'•'"■-- ■   '  ■■[■>■■  ■        ■"■—«:*.   :*.--     ico'^:: 

<^     Ilie  pfqdtospbais  of  ir(mhefonnd  a  com^  njiv. 

'■^---'■\  ■>Water'..-;;;--.vi..-i.i-.-;.  24--'  --^-  -^^^^--^  .^i^ii^io: 

•    '      Peroxide  ttf  iron .  .;....  37   ..•..*.';'.;  ^^00  '^»:^-<^ 

-^    ^      :^^^ -Phosphoric  add. Vi,,..  38'./>vWv;  ms^itJr.m^i 

Jt  is*obi^bin  frdmti^^ 


1»19:J  Sckf^Jlt  Intelligenct.  31S 

Its^  d6to^'^^  of  ¥ifi£r6  ^jfihiiftgUack,  like  that  of  pitch,  or  black 
seaKhg'^a;^.    Its  tilts te  wi^  and  somewhat  r^seHlbliBg 

^iim,  aii4  it  adhered  id  the  teeth  like  that  substance,  it  was 
irery'''fti]ilble,'^<^6asil;f  reduced  to  powder,  aotd  its  8p;gr.  was 
considerably  above  that  of  watet; 

It  was  nearly  insoluble  in  alcohol,  but  readily  isoluble  in  water, 
jlH^mng  a  deep  brownish  red  solution.  This  solution  yielded 
Ci^ous  precipitates  by  the  additic^  of  all  the  acids  and  all  the 
ibaetalllc  and  e£yrthy  salts  tried.  These  precipitates  were  of  % 
yellowish  red  or  brown  colour. 

'  It  burned  like  gutn  arabic,  and  lefl  a  considerable  qnan- 
tity  of  carbonate  of  potash  and  traces  of  an  earthy  salt,  probabfy 
lie  carbonate  of  hme. 

Froihttiese  experiments  it  is  obvious,  that  this  substance  was 
the  ulmate  of  potash,  or  ulmin  in  that  state  of  combination  in 
-which  it  has  hitherto  been  most  frequently  met  with« 

XI.  Mete&ric  IronJ 

■  r  .'■-■-     •  -         .  .       ' 

r-  t  •»         ■     .       .      •  '  ,       ! 

(To  Dr.  Thomson.}  -j- 

SIR, 

The  following  passage  is  transcribed  from  Glauber's  Opens 
:'!MineraUs  pars  prima,  Amstelodami,  1652,  12mo.  p.  36.    It 
^pittcs  to  merit  insertion  in  the  Annak  of  PhiloBophy. 
,ji  ^^'JJJeque  hoc  in  terra  sol^metaUica  generationis  aptissima^ 
sed  et  4n  acre  in  densis  nubibus  idem  moliuntur:  siquidem  non 
jo^equenter  yidemus,  non,  modo  exiUa  animalcula     bruchos^ 
enfcs^s,  ranas  aliaque  insecta,  istic  locorum  concepta  etexcluaa, 
coiifeirtim  cum  pluviis  descendisse, .  sed  et  fide  dignis  testimoniis 
co|isteit  plusquam  centenarios  lapides,  ferri  etiam  massas  cou^lo' 
mera^arum  ^uttarum  specie,  egregie  malleabilis  ex  aire  decidtsse. 
Uti.  it  .yarn  cometse,  alieeque  ignesB  substantias  in  aere  coacti 
accenduntur,  materia  absumpta,  emoriuntur,  instar  arsemc^Us 
Jfumi  delapsae  terram  cum  suis  fcetibus  inficiunt,  imde  multormn 
Ji^t^^lium  morborum  seges  felicissipaa   pullolat.     Ipsume^iani 
ll^ln^en  et  fulgur  nil  est  aliud  quanii  subtile  nitrum  accensum, 
. !g.nein  admodum  et  cum  fragore  cadentes  lapides  in  aere  pro- 
creantur.*'  .  . 

...^  .Tl)ie,temarkable  resemblance  w:hicli  the  concise  dcscriptioabf 
I^.met^       iron  above  beair9:.to  the^Comxt  de  Boumon's . ii;^- t^ie 
j?j^LiTr^  W  t^?  strike  the  mi^eralb^cal 

,.  _    1  4d  .notjknbw. wlietfiqr.lhe  subgequ^nt^^trftct  fronpi  the  i^ij^e 

i WQ^^f  b^r  OT  ,be  npt,  worthy; W>)tipi5it    J  ieljeye , it|  is, §eJ3[^TftBy 
^  cbVsidered  that  Fabbroni  first  ascertained  i^at^o[^j^curs^ 

in  a  state  of  purity,  ^  .  -  -^  > 

'^  Vidi  aliquando  a|md;  mett^oaloffem  Belgam  hujusmodi  ami 

4jp^ipn,j)rppam^^  y.49??^tei?m%,aJj^otjp^ 
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the  stockwerke  atOeyer.  St.  Miehaei's  MouRt,  near  Benzaoicey 
is  a  very  remarkable  mountain^  which  exhibitB  the  relations.  (^ 
these  stockwerkes  in  a  striking  manner^  as  the  savne  veiiis  |)eDe« 
trate  into  both,  and  contain  the  rery  saxae  minerals.;  namety^ 
tinstone,  apatite,  copper  pyrites,  &c. 

'^  Similar  veins,  e(][ually  remarkable,  occur  at  Gonglure  newr 
St.  Austle,  and  at  Cliggepoint,  not  far  from  St.  Aenes.  :  At  the 
latter  place  are  some  of  the  celebrated  granite  likes,  tmcon- 
formable  masses  in  killas,  and  without  doubt  of  the  same  age 
with  the  rock  in  which  they  occur.  Dartmoor  is  a  des^  and 
bare  and  almost  uninhabited  place,  in  which  the  most  interesting 
tiling  which  I  observed  is  the  Zinnseifen.  The  geological  rela- 
tions of  Cornwall  are  very  simple,  though  for  want  of  a  sufficient 
nwnber  of  accurate  observations  they  have  not  yet  been  fully 
made  out.  My  astonishment  at  t^e  number,  the'  richness,  the 
extent^  and  the  quality  of  the  tin  and  copper  veins,  is  not  yet 
over.  When  I  saw  the  first  heap  extractea  from  a  vein*  I  con- 
ceived that  it  must  have  been  obtained  from  a  bed,  and  only 
satisfied  myself  by  actual  inspection  that  the  ore  was  really 
extracted  from  a  vein. 

'^  An  object,  on  which  several  geologists  in  England  employ 
themselves  in  preference,  is  the  study  of  the  formations  lyiog 
above  the  chalk.  To  see  them,  we  went  to  the  Isle  of  Wight. 
These  newer  formations  are  very  remarkable.  But  the  sepanr 
tion  of  the  fresh  water  formations  from  each  other  depends 
merely  on  the  loose  stones  found  in  the  different  beds,  and 
seems  to  be  merely  a  conclusion  which  has  been .  borrowed, 
perhaps,  on  too  slight  grounds  from  the  French." 

VII.  Remarkable  Mineral  Spring  in  Java. 

^  Mr.  Clarke  Abel,  in  his  '*  Narrative  of  a  Journey  in  the  Tnte- 
rior  of  China,''  lately  published,  gives  the  following  accouift  6f  a 
mineral  spring  in  Java,  which  I  am  induced  to  tramonbe, 
though  the  account  is  unavoidably  incomplete,  because  the 
quantity  of  sulphuretted  hydrogen  gas  which  passes  tKrotkh 
tne  water  seems  much*  greater  than  has  ever  been  observisd'  m 
•ny  other  part  of  the  world. 

''  These  springs  are  in  the  midst  of  a  jungle  on  the  right  hand 
side  of  the  road  from  Sirang  to  Batavia,  and  the  country  for 
many  ihiles  round  is  a  perfect  flat     On  approaching  them,  I 
smened  the  sulphureous  gas,  which  they  throw  out  in  immeuse 
<|viantities.    Tliey  are  situated  on  a  piece  of  barren    ground^ 
abodt  50  yards  square,  composed  of  a  naiti  rock,  which  seemed 
to  have  been  formed  by  deposition  from  the  springs,     fe'thc 
midst  of  this  space  were  several  small  pools  of  water  inj^reat 
commotion.    Iney  so  exactly  exhibited  the  appearaBce  gJMiQil- 
ing,  that  I  immersed  ray  hand  in  them  with  considerable  caotiop, 
and  ^scarcely  credited  my  feeling  when  I  found  theia  of  tl^> 
temperature  of  the  surrounding  atmosphere.    The  central  pool 
mtfae ki^st/ ii^v^ ail airea^^  tAufirat^ .  .^Tke/Mter 


bubbled  up  from  several  parts,  of  its  8ur£ace.  For  the  itake  of 
aacertaimn^  the  cause  of  these  phenomena,  I  walked  in,,  and 
discovered  its  greatest  depth  to  be  abopt  three  fe^t.  Itsbottou^ 
was  foni^ed  of  rock,  broken  into  masses  of  diiSerent  shapes.  Oa 
searching  immediately  under  the  plax^e  where  the  agitation  of  the 
water  was  most  violent,  I  found  a  small  funnel  shsqped  aperture^ 
the  lower  part  of  which  was  not  more  than  an  inch  in  diameter. 
Through  mis  sulphuretted  hydrogen  gas  rushed  up  in  such  quan« 
tity  and  with  so  much  force,  that  I  could  with  great  difficulty, 
keep  my  hand  close  to  its  orifice/' 

'^  On  examining  the  sensible  properties  of  the  water  on  tha 

rt,  I  found  it  to  be  of  a  dirty  wnite  colour,  containing  a  consw 
able  portion  of  earthy  matter  in  suspension*  The  &mell  was 
jthat  of  Harrowgate  water.  The  soil  on  the  margin  and  at  thp 
bottom  of  these  pools  is  soft,  and  of  a  yellowish-grey  colour  on 
the  surface ;  but  a  few  inches  beneath,  it  becomes  of  a  rockj 
hardness  and  red.  At  the  distance,  however,  of.  two  or  three 
feet  from  tlie  pools,  the  sur£Eu^e  itself  is  equally  hard,  but  of  a 
blue  colour,  and  bearing  evident  marks  of  having  been  at  some 
distant  period  the  seat  of  agitated  water.  A  loud  bubbling 
nois^  is  distinctly  heard  on  placing  the  ear  close  to  any  part  of 
the  barren  spot  in  which  they  are  situated.  The  natives  behevj^ 
that  the  water  possesses  medicinal  properties,  and  that  it  is  ' 
e^>ecially  efficacious  in  cutaneous  diseases."~(P.  40.) 

VIII.  Chinese  Stone  Yu. 

M^ny  of  my  readers  are  aware  that  there  is  a  stone  of  a 
greenish  white  colour,  and  considerable  hardness,  to  which  the 
Chinese  give  the  name  of  Yu,  and  which  they  prize  more  than 
any  other  stone.  It  is  said  to  occur  in  the  form  of  nodules  in  the 
bottom  of  ravines  and  in  the  beds  of  torrents,  and  in  larger 
maases  in  the  mountains  themselves,  especially  in  Yunan,  one 
pf  the  most  northern  provinces  of  the  empire.  It  has  been  long 
k^U>wn  in  this  country  under  the  name  of  Chinese  jade  or 
nephrite  ;  but  Prof.  Jameson,  in  the  last  edition  of  his  Minera- 
logy, vol-  i.  p.  505,  assures  us,  that  it  is  prehnite.  The  following 
are  me  characters  of  this  mineral  as  given  by  Mr.  Clarke  Abe V 
in  his  Narrative,  8cc.  p.  134. 

,  ^  Its  colour  is  gxeenish  white,  passing  into  greyish  greea  and 
dark  grass  green^  Internally,  it  is  scarcely  ghmmering.  Iti| 
fcaptuxe  is  splintery ;  splinters  white.  It  is  semi-transparent  and 
clp^dy.  It  scratches  glass  strongly ;  and  is  not  scratched  by^ 
or  scratches,  rock  crystal.  Before  the  blow-pipe  it  is  infusUn^ 
Tviihout  addition. 

•  .-...,■'■«  .        '  Sp.gr..,    . 

1 .  Whitish  green,  marbled  with  dark  green ...,.,...  3'330  ' 

2.  Dark  green  variety "  -Ti        "    ••  3'190 

3.  "Whitish  green  variety,  same  as  No.  VLr  *.  -3'400  ^' 
.4,  liglit-^oloured  greenish  white  variety  »?  -*"*--i. 

^iSlSieflpecimsis^  of  which  the  speciftc 
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wen  all,  esc<^  the  iMt,  furnisbeti  id«  bylhe  luQidaM*:  f^  Ss 
Gcui^eStauntOQ.  The  last  is  precisely  of  theisame  natuTfrU 
the  BCeptre  seat  to  his  Royal  Highness  the.Prinoe  Regent,  and 
iras  put  into  my  poaseEiion  for  the  purpose  of  BxamiaatioQ  hj 
the  Hon.  Mr.  Amherst,  to  whom  it  was  presenwd  by  'oae  of  jpur 
ktteodaat  MasdahnB," 

The  only  part  of  this  description  which  caonot  be  recoo^uled 
to  prehtiite  is  the  iofusibiiity  before  the  blow-pipe.  The  specific 
gTEtTJty  of  the  fibrous  viiriety  of  prehnite  is  Q-yOl,  its  hu^esd  is 
nearly  the  same  as  tliat  of  the  Yu  ;  and  though  its  fractwe  is 
alw&ys  BbrooB,  yet  I  can  conceive  it  to  be  descnbed  by  a  person 
aot  ftmiliar  with  the  external  characters,  as  having  a  epunteiy  . 
fracture,  which  is  not  altogether  erroneous.  The  infosibili^ 
before  the  blow-pipe  seems  to  separate  the  Yu  both  from  pteh- 
ait«  and  from  nephrite  to  which  Mr.  Abel  refers  it. 

IX.  Temperature  of  the  Bottom  of  the  Sea. 
The  following  are  all  the  observations  on  this  interestiog  sub- 
ject which  Mr.  Clarke  Abel  preserved.    Tlie  rest  were  lost  by 
the  unfortunate  shipwreck  of  the  Alceste.    The  observations  in 
the  following  table  were  made  in  the  Yellow  Sea. 
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Mr:  Abel  states  an  experiment  on  this  subject  by  CfrpfSm 
Wauchope  of  his  Majesty's  ship  the  Eurydice,  which  deserVes 
tob^Etated  here  as  one  of  the  most  striking  and  rnstructwe 
upon  record.  Within  a  few  degrees  of  the  equator  duriiigiaCabi], 
Capt.  Whuchope  put  his  appal:  atusoverboardj.  and  ^dw^'it  to 
desfcena- litl  it  had  carried  byt  UOG  ftithoms  of  lifte.  Btttt'^e 
isdftcKffte'a  the  perperaficiiiar  depth-at-lOOO  fathoms.--  l^h^'tfeA- 
peratui^  of  the  surface  was  at  7.3°.,  On,  drawing  up  the'i%6^- 
'fe'entj'he' -founa''ffie'-inclosed  ffl 

otfBJttKie  of*  temperature  betweea  ^ie  isurfece  itnfl  given  deM 
<*Sl«.^tftld.*  S47!)'-  ■■  '•-■■■  ■^^''  ^--■-  ■'^■■'■■■•-  '■■■'•■'■  ^y^^'^^i^ 

"    ibnf,;r,..'.;i  '^.i%,Vlmi»ff9mwCoti^-Tne\--i-'fi--:  iJ-i'/   ' 
'''■"Hlft  ^atibstlanc'e- w^  coHected  by  DK  ijsktXWA  Wa^drtfed 
cotk.  tree  on  the  estate  of  —  IVmriott,  Esq.  of  Wimblecwu. 
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Iij&  c6lo>olr'Wli^  of  af-fin6  shihmgUack,  like  that  of  ptch,  or  black 
sealihg^ax.  Its'tliste  was  faint^  and  somewhat  reseiaibiiBg 
gtim,  aiici  it  adhered  t6  the  teeth  like  that  substance.  It  was 
«ryfria.ble,  tod  easily  reduced  to  powder,  and  its  sp.gr.  was 
coiasiderably  above  that  of  water. 

It  was  nearly  insoluble  in  alcohol,  but  readily  soluble  in  water, 
fbming  a  deep  brownish  red  solution.  This  solution  yielded 
cc^ous  precipitates  by  the  additicm  of  all  the  acids  and  all  the 
metallic  and  e£yrthy  salts  tried.  These  precipitates  were  of  a 
yellowish  red  or  brown  colour. 

It  burned  Uke  gutn  arabic,  and  lefl  a  considerable  mnui- 
iity  of  carbonate  of  potash  and  traces  of  an  earthy  salt,  probaldy 
the  carbonate  of  lime. 

From  t^ese  experiments  it  is  obvious,  that  this  substance  was 
the  ulmate  of  potash,  or  ulmin  in  that  state  of  combination  ia 
which  it  has  hitherto  been  most  frequently  met  with. 

XL  Mete&ric  Iron. 

(To  Dr.  TboBsoa.}  r; 

SIR, 

The  following  passage  is  transcribed  from  Glauber's  Opens 
rMineralis  pars  prima,  Amstelodami,  1652,  12mo.  p.  36.    It 
ttppMrs  to  merit  insertion  in  the  Annals  of  Philowphy. 
i.'i  ^f  Neque.hoc  in  terra  sol^  metaUica  generationis  aptissima, 
sed  et  ia  aere  in  densis  nubibus  idem  moiiuntur:  siquidem  non 
iairequenter  videmus,  non  modo  exilia   animalcula     bruchps^ 
enicas,  ranas  aliaque  insrecta,  istic  locorum  concepta  et  exclusa, 
co^feirtim  cum  pluviis  descendisse,  sed  et  fide  dignis  testimoniis 
coiistiat  plusquam  centenarios  lapides,  ferri  etiam  massas  con^lo^ 
meraiarttm  ^uttarum  specie,  egregie  malleabilis  ex  dire  decidtsse. 
Uti  et.varii  cometse,  alieeque  ignesB  substantias  in  aere  ooacti 
accenduntur,  materia  absumpta,  emoriuntur,  instar  arsenicalis 
Jumi  delapsae  terram  cum  suis  fcetibus  inficiunt,  imde  multorum 
Ji^t^lium  morborum  seges  felicissipaa   pullolat.     Ipsum  etiam 
liuimen  et  fulgur  nil  est  aliud  quan^i  subtile  nitrum  accensugiy 
!\quein  admodum  et  cum  fragore  cadentes  lapides  in  aere  pro- 
creantur."  ^     .   . 

.The. remarkable  resemblance  which  the  concise  dcscjriptioii  of 
^.meteoric  iron  above  bears  to  the  Comxt  de  Boumon's  in  the 
^^^l.  (Trans,  for  1802,  cannot  &il  to  strike  the  miueralbgical 

J.    I  do  .iM)t^kn6w.wliethertbesubseque.nt^^e^  the  sai^e 

^[^ST^i'^^r  or  , be  not,  worthy  ^Ptipe^    I  believe  it|  is  gei^ey^y 

cbnsidered  that  Fabbroni  first  ascertained  that, goldoGcursM 

jn  a  state  oi  punty. 

"  Vidi  aliquando  a|wid,  mewcaVwart  T  *"    ^  hujusmodi  ami 

453gt^i|jnj)?ppe^^        iimsix,  y^j^^^  jijj^otjjfi^eni 
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latones:  pleromqae  mediocrem  arenam  magnitodine  SBqaant." 
■-(P-38.) 

Sir  Hamphry  Davy  oBselrTeSy  in  his  Elements  of  Chemical 
Philosophy,  p.  350,  "  In  my  first  paper  on  the  Decompositi<Hi  of 
the  Earths,  published  in  1808, 1  called  the  metal  from  tdagneida, 
magnium,  fearing  lest,  if  called  magnesium,  it  should  be  qon* 
founded  with  the  name  formerly  appUed  to  manganese.  The 
candid  criticisms  of  some  philosophical  friends  have  induced  me 
to  apply  the  termination  in  the  usual  manner.'^ 

Why  did  not  Sir  H.  likewise  substitute  baritium  and  boradon 
for  barium  and  boron  ?  The  latter  appellations  appear  to  me  to 
be  equally  imprpper  with  magnium.  , 


It  would  appear  from  Mr.  Halifax's  statement,  Annals,  Hfor. 
1818,  that  Mr.  Bake  well's  discovery  of  prehnite  in  Gloucester- 
shire had  not,  imtil  his  communicationi  been  made  publics- 
Mr^  B.  soon  after  his  discovery,  announced  it  in  the  Philoso* 
phical  Magazine  I  am.  Sir,      ' 

Yours  respectfully,  ^. 

XII*  Stat^  of  the  Barometer,  Thermometer,  and  MagnetHiU 
Needle  ai  Tronyem  (Drontheim),  in  Nonvay,  from  llGSi  to 
1783,  iVw:/ii5it?e.— (See  Clarke's  Travels,  vol.  v.  and  Parti. 
Appendix.) 
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The  barometer  was  placed  20-^^  ells  above  the  level  of  the  sea. 
Tlie  observations  were  made  at  noon.  The  observations  upon 
the  thermometer  were  made  during  the  winter  in  the  forenoon, 
and  during  the  summer  in  the  afternoon, 
^inihe  original  tables,  the  height  of  the  barometer  is  given  in 
Fre^h.  incheS;  and  that  of  the  thermometer  according  to 
Reaaxmur.  In  the  above,  the  height  ofthe  barometer  is  reduced 
to  Bogtish  inches,  and  that  of  the  thermometer  to  Fahrenheit's 
scal^'. , 

XIl^«  JBerzeliu&*s  New  Work  on  Mineralogy. —Specific  Gravity  of 

Hydrogen. 

Hits  accurate  and  indefatigable  diemist  is  now  engaged  in 
Paris  m  printing  a  work  t)n  mineralogy,  which  will  be  ready  for 
pubHc^ion  by  Sie  begimiiiig  of  May. 

uieC  'same  excellent  experimentalist,  in  conjunction  .  with 
M.  I^ton^,  has  been  lately  making  experiments  with,  the  view 
of  flgtefertaming  the  «p.  gr.  of  hydrogen  and  oxygen:  Tlfeyiare 
saidLtaliave  determined  the  sp.  gr.  of  hydrogen  to  be  lower  than 
any^Mlsceding  chemist  haii  fonnd  it,  or  to  be  very  nearly  0*069. 
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13 

nv3  i 

8     35 

84     33 

57 

1      15 

31    38 

4B 

1 

■"■'■,\. 

^0 

B     45 

84    4T 

oa 

1      15 

3*     47 

13 

p^vii  ^s- 

SI 

8     40 

84    34 

m 

1     15 

24     38 

57 

-      o 

a 

8     35 

24     34 

45 

1     SO 

81     39 

42 

1 

::v  Ui 

fi.1 

I    eo 

24    88 

54 

a4 

3     40 

81     35 

05 

1    so 

24    37 

0(1 

1 

ss 

8    35 

i\     S3 

54 

1      15 

«4    40 

IK 

'.    as 

8    40 

84    35 

83 

1     M> 

24    41 

Ot 

% 

ST 

8    40 

24    35 

1     20 

SI    39 

S8 

a    85 

24    34 

58 

1   '■la 

84     40 

36 

::!'.]" 

l^«an  for 

y 

,:a.! 

ili« 

^a   S8 

24    34 

17 

1    81 

24     89 

55 

'O 

k}" 

M«mli. 

) 

'  '.The  variation  on  the  20th,  being  so  much  in  excess^  jl'aot 
included  in,  the  mean  variation  ;  and  it  may.  not  be  ung;FOper  to 
remark,  that  at  three  o'clock  the  same  diiy,  spme  :.vefjr  (WDee 
clouds  I'oi-med  in  the  west,  at  the  distance  of  a^out -arJs  hutes, 
whicit  apparently  dlscha^d  torrents  of  rata. 
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Meteorological  Observations. 


Month. 

Feb. 

1 


S 


i 
'{ 


8 

9 

11 


{ 


{ 

.4 


I 


OfT  si 


Time, 


Mom . « . 

Noon... 

Even  . . . 

Morn... 

N^oon. .« 

Even . . . 

Mum.. . 

Noon.  •• 

Even . . . 

Mora... 

Noon... 

Even... 

Morn... 

Nton... 

Even  » . . 

Mora  •  •  • 

Nooi^.«. 

Even . . . 

Morn... 

Noon... 

Even . . . 

Mora... 

Noon..., 

Even .... 

Morn..., 

Noon. . .« 

Even  .... 

Mori .... 

Noon...  J  29-448 

Even ...  * 

Morn....  2^HM3 

Noon...,   2«-660 

Even .... 

Morn. 

Noob.... 

Even .... 

Mori.... 

Nooa, 

Even .... 

Morn.... 

Noob...: 

Even .... 

Mora }  S9*54d 

Nooi... 
Evert . . . 

Mori^^.  _. 

^Nooii....l29->00 


15< 

16 

..  ^lEyen    ... 


'. 


Morn . . . 
inUJrn* ... 


Barom. 

■  .  -  ■  r 


Incbita. 
29128 


29  070 
29190 

29-253 
89166 

29085 
29190 

29-241 
29-178 

29155 
2917S 

28-900 
28-931 

29-356 
29*436 

29-454 
29-4U) 

29-300 


29*248 
29-148 

29-270 
.4  29-SU) 


29-516 
29-562 


•^29-20(> 


28-970 


"J  5 


Tber. 


290 


32 
34 

27 
33 

36 
41 

36 


42 

48 

36 
43 

36 
43 

.43 
45 

44 

.46 

43 

48 

43 
42 

36 
45 

31 

46 


i  : 


33 


f  V 


J  • 


46 


HJS. 


780 


90 
70 

73 
60 

66 
54 

84 
95 

77 
46 

84 
60 

6Q 
48 

96. 
96 

431 
66 

60: 

63 
56 

57 
47 

63 
44. 

59^ 


,7a 

92 

66 

4&.^ 


81 


Wind.      Velocity.  Weather. 


WbyS 


NNW 
NNW 

8 
88E  . 

WbyN 
WNW 

H8E 
ESB 

W 

w 

8W 
WbyN 

Wb^N 
WMW 


w   - 


8SW  > 

88W   , 

W 

w 

.  w 
w 

w 

WbyN 

WNW 
WNW 

NW    • 
NNW 

sw 


■-* 


8SW   , 

ssw 

wsw 

iWbjar: 


Feet. 


Six's. 


J , 


Snow 
Very  toe 

doody 
Cloikly 

Cloudy 
Skowery 

Rain,  fog 
lUf  n,  fog 

Very  ite 
Floe 

Vtryfite 
Clondy 

*  

Cliudy 
Fine 

lUin 
Ruin 


i 


Clnndy-  ' 
Shtiwery^ 


'  (jO  no 


«8» 
374 

32 

344 

38 

41 
S% 
44 

49 
36 

43 
34 
45 


i 


J364 

r.,e    .J«i 

Very«oe     4T 

FinT     J  86* 
Cloudy        49 

{421 

44i 


Clear 
Clondy   ' 

Very  fine 
1  Very  tmt 


{Sl| 
3» 

j-46. 

J" 


Fine 


aai»' 
Rain^ 

Rain 


\ 


34 
41 


»■ 
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Meteorological  Observations  continued. 


Mooth. 

Time. 

Barom. 

Ther. 

Hyg. 

.  Wind. 

Velocity. 

Weather. 

Si\'g. 

Feb. 

Inches. 

Feet, 

r 

Morn..., 

;2a-765 

400 

790 

SSW 

Rain 

41» 

I9J 

Noon.... 

28-856 

49 

50 

SW 

Fine 

50 

) 

Even  . . . . 

—• 

_ 

— . 

... 

.« 

iss 

r 

Morn.... 

29-375 

35 

65 

wsw 

Very  f  ae 

90) 

Noon . . . . 

29-382 

45 

49 

SSW 

Fine 

46 

\ 

Even.... 

^ 

« 

^^ 

— 

\m 

r  Morn 

28-706 

44 

69 

W  byS 

Very  fine 

%}}  |Nooo.... 

28-580 

42 

57 

WSW 

Rain 

45i 

)   Even.... 

— . 

.._ 

-^ 

•_ 

1 

— 

^ 

Morn.... 

29-315 

38 

68 

Nby  W 

Cloudy 

»! 

Noon. . . . 

29-420 

43 

55 

NNW 

Showery 

43 

1 

Even  . . . . 

— ' 

-^ 

— 

^— 

'mm. 

J34. 

1  .Morn. . . . 

29-125 

m.^ 

84 

S 

Storaiy 

9S\ 

Noon.... 

28-955 

35 

82 

NW  by  N 

Sleet 

40 

I 

Even    . . . 

— 

— 

— 

— 

w* 

^30 

( 

Morn 

29  056 

32 

62 

W  by  N 

S».  ihoircn 

S4^ 

Noon . . . . 

29-000 

37 

50 

W  by  N 

Cloftdy 

37| 

J: 

ftvriJ  .  .  •  . 

Morn... . 

29*232 

33 

81 

NNW 

Soow 

(22 

85^ 

Noon. . . . 

29  293 

38 

62 

NNW 

Fine 

40 

Even  . . . . 

_ 

.i. 

-i.. 

_ 

1 

_ 

^28 

? 

Morn.... 

29-194 

38 

67 

WSW 

%• 

Cloudy 

S6^ 

Noon.... 

29090 

35 

60 

SW 

Sbow 

36 

Even . . . . 

-~ 

_ 

... 

.1^ 

■ 

_ 

^32 

f 

Morn . . . . 

28  901 

35  , 

84 

SbyB 

Cloudy 

87^ 

Noon.... 

28-900 

48 

53 

Sby  W 

Cloudy 

42 

1 

Even 

— 

..i. 

_ 

mm^ 

^»«. 

^36 

f 

Morn.... 

28-820 

37 

82 

EbyS 

Raio 

88^ 

Noon.... 

28-824 

»^ 

74 

ESE 

Rain 

33 

l 

Even  . . . . 

— 

— 

— 

.    — 

— 

• 
1 

Rain^  by  the  pluviameter,  between  noon  the  Ist  of  |^eb. 
and  noon  the  1st  of  March,  2*828  inches.  Evaporation,  dur- 
ing the  same  period,  1'430  inch. 


%♦  The  Editor  has  been  requested  by  Mr.  Adams  to  htseit 
tiie  following  note :  ' 

SiomkoMHy  March  19,  iai9. 

I  have  this  day  been  informed  by  a  friend^  that  my  method 
"  for  clearing  the  Lunar  Distance,"  pubhshed  in  your  journal  for 
this  month,  is  essentially  the  satne  as  One  given .  by  Captain 
Robert  Heath  in  the  "  Supplement  to  the  Royal  Astronomer," 
pubhshed  in  1768 ;  and  I,  therefore,  hai^teh  to  acquaiitt  you  of 
the  circumstance,  and  to  beg  the  fiivour.  of  your  inaertii]^  this 
in  your  Annals  for  next  April*  ^^  I  have  never  seen  the  Ufa/k 
entitled  the  "  Royal  Astronomer,"  nW-  heard,  either  directly  tnT 
indirectly,  of  Capt.  Heath's  mediod.  The  publication  of  ;-&» 
note  will,  1  hope,  remove  any  idea  of  ^ny  having  borrowed  the 
liiinciple.  •  ...^?      -.  ,;.;..         .    hp^--  . .- -j^^' 

EHRATUM  hr the  same  Paper«   :•  • 

la  No,  LXXy ,  p.  W\,  \\uc  ^V,  for  %\^  43'  20 '  rwtd  SS©  W  W. '  ' 
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Article  L 

Researches  on  the  Measut;e  of  Temperatures^  and  on  the  Laws  of 
the  Communication  of  Heat.    By  MM.  Dulong  and  Petit. 

{Concludtdfrom  p,  S5 1 .) 

Of  Cooling  in  the  Air  and  in  Gases. 

xHE  laws  of  cooling  in  vacuo  being  known^  nothing  is  more 
simple  than  to  separate  from  the  total  cooling  of  a  body  sur- 
rounded with  air,  or  with  any  other  eas,  the  portion  of  the  e£Pect 
due  to  the  contact  of  this  nuid.  For  this,  it  is  obviously  suffi- 
cient to  subtract  from  the  real  velocities  of  cooling  those 
velocities  which  would  take  place,  if  the  body,  cateris  paribus, 
were  placed  in  vacuo.  This  subtraction  may  be  easily  accom- 
plished now  that  we  have  a  formula  which  represents  this  velo>- 
City  with  great  precision,  and  for  all  possible  cases.  We  can 
then  determine  tne  energy  of  cooling  due  to  the  sole  contact  pf 
fluids,  and  such  as  it  would  be  observed  directly  if  the  body 
could  be  deprived  of  the  faculty  of  radiating.  This  part  of  our 
labour  required  a  very  considerable  number  of  experiments* 
because  the  laws  which  we  wished  to  discover  were  to  oe  studied 
with  respect  to  the  different  gases,  and  for  each  of  them  at 
different  temperatures,  and  under  different  pressures.  lBach 
experiment  was  made  and  calculated  as  we  have  explained 
above.  We  shall,  therefore,  satisfy  ourselves  with  statung  th« 
snean  results  of  these  different  observations. 

The  first  question  with  which  we  beh^  lipy  ourselves, 

was  tor  ascertain  whether  the  modifioi  ^ur^e  gt 
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^  - 

bodies,  which  produce  so  powerfiil  an  influenc^MIhe  twUatioiif^ 
occasioned  any  change  in  the  losses  of  heat  occasioned  by  the 
contact  of  fluids.  For  this  it  was  su^ciexit'tb  p&erfr^  tlie.cbol-' 
ing  of  our  thermometer  in  a  gas  of  a  determinate  elastioity  and- 
temperaiure,  first  with  its  bulb  in  the  natural  state,  and  then 
covered  with  a  leaf  of  silver. 

Of  all  the  experiments  which  had  this  comparison  for  its 
object,  we  shall  only  give  the  two  following. 

In  the  firsts  we  observed  the  cooling  of  the  largest  of  our 
thermometers  in  the  balloon  containineair  under  a  pressure  of 
0-72  metre,  and  at  Uxe  temperature  of  ^. 

First  Case, — ^The  thermometer  being  in  its  natural  state. 


Excess  of  temper- 
ature of  the  ther- 
mometer. 


200° 

180 

160 

140 

120 

100 


Total  Teloeitiei  of 
the  cooling  of  the 
thermometer. 


1404° 
11-76 
9-86 
8-06 
6-46 
4-99 


Velocities  of  cool- 
ing which  would 
have  taken  place 
in  nuruo. 


8-66° 

7-01 

6-68 

4-54 

3-56 

2-72 


Velocity  of  cooling 
due  to  the  arr 
alone. 


r  ■■ 


■^■W" 


6-48° 

4-75 

4-17 

3-51 

2-90 

2-27 


Second  Case.— >Bulb  of  thenuometer  silvered. 


*r- 


atnre  of  thether-  ^^^^^  ^,  ^^  ^^ 


ter. 


••■*' 


200° 
180 
160 
140 
120 
'100 


tbe|  Velocity  .f  e«oUag 
in  vacuo. 


6-93° 

6-02 

6-19 

4-32 

3-60 

2-80 


l-50» 
1-23 
I'OO 
0-80 
.  0-62 
0-48 


Velocity  of  eooJiq^ 
du«to.t)wair.  . 


6-43° 

4-79 

419 

3-62 

i^-98 

2-32 


wm^ 


We  see,  by  comparing  the  last  <s6himns  of  the  two  preceding: 
taUes,  that  the  corresponding  numbers  deviate  so  little^  that  the' 
d^ttiOB  may  'With  j^opriet^  be  ascribed  to  errcHrs  in  the  expe-^ 
rimieiits;    Aif  then,-  other  thmgs  being  the  same,  takes  away  m% 
■athd  qtkantity  t»f  heat'iVom  Strews  9hd  metallic  surfaces.       -  ^  • 

The  two  foltowing  tabtee  cohtaiti  aD  the  elements  of  a  similii 
comparison  tn&d^  with  hydrogen'  gas.  The  small  thermometer 
in  these  ei^etimeats^iwasf  substitute  fo?  the  latge  one*^  'Hie' 
expevittienti^  were  mad^  kt  f^e  teni^erature  of  20^,  the  gw  being 
•ttbjed^  to  a^preiiMpe<e^(>74ikn^tre; 


uy- 


*  m 


■■■  ..  A3^ 
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Fint  Ca^'>^^ThermowBeteT  in  its  natural  state. 


*      ■! 


£axfai  of  the.tfm- 
peratnre  of  the 


80° 
.60 
40 

•20 


Total  velocUiei  of  the 
cooltog  of  the  dier- 
momttet. 


I 


22-96'' 

16-14 

9-87 

4-28 


Vdodtiet  «f  cool- 
iof  in  tacun. 


5-03° 
3-54 
2-18 
0-95 


Velocity  of  cooling 
due  to  die  gaa. 


iT-gs" 

12-60 
7-69 
3-33 


Bxcenof  the  lem> 
peralure  of  the 
thermometer. 


^"iSillf/i"Se°fhl'f  VeJocitle,  of  cool. 
cooliRK  of  the  ther.       ,     , 

mometer.  ^      »«n~. 


SO" 

60 
40 

20 


19-59" 

13-97 

8-62 

3-74 


1-77° 
1-29 
0-87 
0-37 


Velocities  of  cooI< 
hug  doe  to  the  gas. 


17-82° 

12-68 

7-75 

3-37 


This  comparison  gives  for  hydrogen  a  result  similar  to  that  for 
air.  The  equality  being  thus  verified  for  surfaces  differing  so 
much  from  each  other  as  glass  and  silver,  and  for  gases  of  such 
different  qualities  as  air  and  hydrogen,  it  is  natural  to  generalize 
the  result,  and  to  deduce  from  it  the  following  law* 

2%c  loss  of  heat  omng  to  the  contact  of  a  ff«w,  other  things  being 
equal f  is  independent  oj  tlie  state  of  the  surface  of  the  body  wkicn 
cools. 

This  remarkable  law  of  the  communication  of  heat  has  been 
already  admitted  by  Mr.  Leslie.  But  this  skilful  philosopher  has 
onfy  given  it  as  a  probable  consequence  of  two  indirect  experi- 
ments, which  consist  in  proving  that  the  state  of  the  surface  has 
only  a  very  feeble  effect  on  the  time  of  cooling  in  those  circum- 
stances in  which  radiation  can  contribute  but  a  very  small  por^ 
tion  of  the  loss  of  heat.  This  is  the  case,  for  example,  when  a 
hot  body  is  exposed  to  a  violent  wind,  or  when  it  is  plunged 
into  a  hquid.  But  these  experiments,  however  ingenious,  can 
never  completely  supply  the  place  of  direct  observations.  And 
in  the  present  case  would  it  not  have  been  possible,  for  example, 
to  suppose  that  a  property  observed  in  air  while  violently  in 
motion,  could  only  be  applied  in  a  limited  sense  to  air  in  a  sp&te 
of  rest?  This  doubt  would  appear  still  better  founded,  or  would 
b^  >ofaanged  into  certainty,  if  we  admitted  with  Mr..  Leslie  that 
air  In  a  state  of  rest  deprives  bodies  of  heat  by  two  different 
ways  ;  namdy,  by  a  conducting  property  suoh  a$  exists  in  solids^ 
and;  lory  the  renewal  of  the  fluid  from  ascending  cudrents.  Qtfr 
proaesa,  by  enabling  us  in  the  first  place  to.  show  thp  existence 
of  iVe  same  law  in  diff^eut  gases,  dissipates  9li  th§  ^doubts. 
wl)ich  the  experime^its  of  Mr.  Leshe  still  aJiowed  tp.re^fun^- 
This  is  one  of  the  cases  in  which  the  adyai^^ges  Q^t^^  Upiform 
method  which  we  have  adopted  can  be  best  seen. 
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The  prinQiple  whick  we  have  just  e«taUiAha(Q^ 
fiedy  we  may  confine  oiirselTes  m  the  fentadoder  of  ow 
ments  to  observe  the  coolmg  of  the  thermometf^  -Ijiitii-. '' 
naked  in  cur  and  the  different  gases.    Henc^farth  wft  it^i^wn 
only  in  our  tables  the  effect  pr<xluced  solely,  by  the  contactonaf 
Th^y  have  been  always  calculated,  as  we  have  8ai^l»^(«ei 


:as. 


by  subtracting  from  the  total  velocities  of  coofix^i  those  wUch 
would  take  place  in  the  same  circumstances  if  the  thermometer 
were  cooling  in  vacuo.  .     .    ., 

We  shall  now  enter  into  the  examination  of  the  dififerent  dr- 
cimistances  which  may  modify  the  action  of  the  elastic  fltdds  m 
the  production  of  the  phenomenon  which  occupies  our  attentioo. 
We  shall  study  the  influence  of  each  of  these  causes^  fifst  k 
air,  then  in  hydrogen,  carbonic  acid,  and  defiant  gases.  'We 
made  choice  of  the  first  two^  in  consec^uence  of  the  ^eat  d^er- 
ence  of  their  physical  properties.  Air;  and  defiant  [gas,  on  the 
contrary,  offer  tne  cunous  comparison -of  two  gascfs  of  afanost 
the  same  specific  gravity,  but  oi  very  different  eomposition;  The 
example  of  the  influence  of  the  temperature  of  the  ewroudding 
medium  has  upon  the  rate  of  cooling  in  vacuo,  naturally  ledlos 
to  examine  in  the  first  place,  if  the  temperature  of  die  gaae^  dees 
not  produce  an  analogous  effect  upon  me  quantity  of  heat  wludi' 
they  carry  off.  It  is  needless  to  say  that  such  experiments  ha4 
not  yet  been  attempted,  the  philosophers  who  have  tuniedtbeit 
attention  to  this  subject  havmg  always  supposed  that  theTclpGh 
lies  of  cooUng  depend  only  on  the  excess  of  temperature. 

Without  stopping  to  detail  our  first  attempts,,  we.  shaULatate 
immediately  those  tables  in  which  the  law  shows  itself  mani- 
festly. In  the  experiments  in  question,  the  temperature  of  the 
gases  was  varied  by  heating  sufficiently  the  water  of  the  baOobnl 
but  the  gas  was  at  the.  same  time  allowed  to  dilate  itself^  sathat 
it  always  preserved  the  same  elasticity.  The  following  table 
contains  tne  results  of  such  a  set  of  experiments  made 
upon  air. 


Velocities        of 

Ditto     pressitre 

.;■                      ■        .    _ 

Excess    of  the 

cooling    doc  (o 

• 

■ 

thermometer 

the    contact    of 

"■'"•*■■        *            ~          "      -^m  — 

above  the  snr- 

air    under     the 

0*72  m,    temp. 

Ditto  temp.  60<>. 

Ditto  temp.  SO*'. 

ronfkliDg  air. 

preisnre  0-T*m. 

40**.  ...         ^ 

.... 

•    -  -  -  ...... 

temp.  200. 

.»'•-■«" 

200* 

5-48" 

5-46° 

^^^ 

f . 

180 

4-76 

4-70 

4-79 

«... 

160 

417 

416 

,4-20 

4-13 

140 

3-51 

3-55 

3-66 

3-49 

120 

2-90 

2-93 

2-94 

2-8^ 

100 

2-27 

i     2-28 

2-24 

2-2$. 

80 

1-77 

1-73 

1-71 

1-78 

60 

J -23 

M9 

.■■■  ,.  ■■■  I..    'Ji- 

I'la 

1-20 
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ThS^itted^'ittspettioti^f  this  table  is  sufficient  to  show  us  that 
tb^'^v^Qbities  or  cooKng  have  remained  the  same  in  each  of  the 
t&la  fsienes*;ft>r*the'teme  excess  of  temperature,  liiis  simple 
fch^iriw  -of'too  .^great;  importance  not  to  endeavour  to  verify  it 
^Pi^  t>iher  ^es.  The  foUowm^  table  exhibits  a  similar  com- 
piffisoh  for  hydrogen  gas,  heated  successively  to  20®,  40®,  60®, 
auDld  80^.    Tne  elasticity  in  each  experiment  was  0*72  metre. 


JSvoaioftemp. 

Velocitict  '    .f 

pftl^iD.  above 
file  sarroiuidiiif 

cooling  doe    t» 
the   contact    .f 

Ditto  ml  ¥P. 

Ditto  at  60O. 

Ditto  at  80O. 

i^-- 

tbegumtSOo. 

.^•.160" 

i4-2e» 

W-OS" 

14-18'' 

,_^ 

140 

1211 

1216 

12-12 

12-08 

120 

10-10 

1013 

10-20 

10-19 

.WO 

7-98 

7-83 

8-03 

8-05 

o   i  80 

6:06 

6-97 

6-01 

6-00 

;60.- 

.      4-21 

4-17 

4-18 

4-20 

i'. .'. .  ■'■  •■■ 

i 

■ 

nil  talbte  leitds  io  the  same  consequences  as  the  preceding. 
"Tcf  'sliow  -that  it  extends  to  all  the  gases,  whatever  be  their 
^jdE^toits  Wdeninty^  shall  add  here  a  siniilar  set  of  experiments 
oti  tjufbbmc  aciq,  under  a  pressure  of  t)*TZ  metre,  and  on  dilated 
air  Uader  a  inresstilre  of  0^6  metre. 


•r  r    :     •    V«tocUlei       of 

X3frctirof,ie»' 

eooliai;.  d«e-to 
tke       carbonic 
acid  { temp.SO". 

Ditto  {tap.  40*. 

Ditto  temp.  60*. 

Ditto  temp.  80», 

^.;-j20Q?  ••. 

6-26° 

frl7« 

'    _ 

V-.WO- 

4-67 

4-63 

4-62 

— . 

160 

4-04 

4-06 

3-97 

4-10 

140 

3-39 

3-39 

3-34 

3-43 

120 

2-82 

2-80 

2-79 

2-83 

100 

;      2-22 

2-18 

•   2-21 

■  i 

2-20 

4  ■  *- 


Vjelocities      of 
BsccmjoC.  ten*  cdoling ..  da.  to 


perators. 


dBated        air  i 
trmp.  SQo. 


200* 

180 

1«0 

140- 
11210  • 
100 


^tjma-^nuai^imtff^ 


4-01» 

3-62 

3-03' 

2-62 

212 

1-6SI 


Ditto  tfinp.'MB. 


I*-M«*-^»A*««* 


4'IOP 

3-50 

2-99- 

;   a-16 
Ml 


Ditto  tomp.  60«.  Ditto  temp.  8Co. 


t^^immm 


3'55 

3^ 

2»62- 

2'i4 

1'^ 


3-09 
2-66 
2-16 
1-73 


326    Dukngtrnd  PtHt  mtlUMeasure  ^Tkmfefmhtfmy    [May, 

Frott  all  tlitde  compansom,  wt  macy  fMui»  Uie  £dliMng 

law:       -•■..••.■-.;  ■»  .'"•   -^•"•'  '-'  •^'**' 

Tkm  \fdocity  of  coolimg  of  a  botfy^  owing  to  tke^oheomaetffa 
gas,  dependsy  for  tie  same  excess  efttmfenOufe^  ottthe  demiif  mi 
tempenitvre  of  the  fiuid;  bmt  this  d^pendtmce  is  i^uch  tha  the 
velocity  if  cooling  remains  the  samey  if  the  density  and  tAe  temper* 
ature  of  the  gas  change  in  sueh  a^way  that  the  ekntieityremams 
constant. 

Hence  in  experiments  on  coohi^  by  the  gases^  we  need  oriy 
attend  to  their  elasticity.  It  is,  therefore^  the  influence  of  ibs 
last  element  that  we  must  endearour  to  appieeiate* 

With  this  view  we  have  determined  for  eaeh  gas,  at  diffisrent 
dasticitieSy  the  velocities  of  cooling  for  the  same  excesses  of 
temperature.  Of  each  of  these  series  of  experiments,  we  sliali 
merely  give  what  is  necessary  to  demonstrate  the  law  which  ire 
have  obtained. 

Let  us  begin  with  air. 

The  following  table  exhibits  the  corresponding  velocities  of 
cooling,  owing  to  the  sole  contact  of  air  under  the  £^towmg 
pressures;  0-72  m.  0-36  m.  0-18  m.  0-09  m.  0:045  m.;  thai  is 
to  say,  under. pressures  decreasing  as  the  numb«m'l,-|v^  4^  h^-h" 


' 

•»  .  .      ■    1- 

• 

' 

'  •  •            .      * 

Excess  of  tern- 
peratore 
libove  the  air. 

Velocity      of 
icoolin^.  Pres- 
sure 0-72  in. 

DittA,     PFes- 
sure  0*36  m. 

Ditto.     Prc«- 
wre  0*18  m. 

Ditto. 
Pressipre 
'   (^09^^n. 

Ditto, 

Presdte 

fXXP 

6'48» 

40P 

2-960 

2'20» 

^      1-590 

ISO 

4-75 

3-52 

2-61 

'      1-90 

1*37 

160 

4-17 

3*03 

2-21 

1-63 

1-20 

140 

S-51 

2*62 

1-911 

1*40 

J-02 

180 

2-90 

2'12 

ISTf 

M5 

DS* 

100 

2-2T 

\m 

1-23 

090 

ot-es 

80 

1«77 

1-29 

0*96 

^     0-70 

o-fte 

60 

1-23 

0-90 

0-65 

;      0-48 

o« 

40 

0-75 

' 

SO 

0-32 

. —   |-.    . 

L 

/ 

If  we  take  the  ratios  of  the  corres^ondting  number  iii  the 
isecond  and  third  columns,  we  find  their  values  cOB^E^Dcing 
with  the  uppermost  as  follows :  :  i 

1-37   ..  1-35   ..  1-37   ..  1-34  .,1-37  ,  •  V3.i  .•  V37  .,  1-36 

We  have  Ukewise  for  the  ratios  of  the  numbers  ;^i  igh^fJHfff! 
and  fourth  columns:  ;    .  , 

1-36  ..  b35  •.  1-37   ..  l-??;..  h36,,  1-37  .•l-a4^.  1-37 

The  ratios  between  the  fourth  and  fifth  column^  ace  :...  :;:  v 
1-34   •.  Ir37   ..  1-36;  ..  Hft...l'37t.  V36r..  I.37  ..jl-35 

An4  lastly,  th§:  rftSpil  b^tWMDf  the jftflfciand:  sixth. c«*BnM 
are:  •■  ••■•  -.:.■  -    ,-*  .    p-\'    -  v ,  ••     ^i*^!:*';  -•""  .■  ■•yjr-  : 

l-m  ..  1-38  ,.  1-36  ,.  V37  „  1-36  ..  J'37  ,.  V36  ,.  1-37 


-  ThlertnBMdl  im^oIaritiM  wfaidi  thett  conespoKding jralios rpre- 

sent  in  the  numbers  which  represent  them,  oeing  kss  dMt&ike 

onoertainW  of  the  obsenratiMi;  we  We  angktto  dhrmrftodi 

:  tbem^tiie  roUowing .conchisions :    -  '     - 

1«  The  law,  uccordim  to^  vhiek  the  veloeity  of  cooling  hg^the 

amtact  of  air  varies  wim  the  esce8$  of  temptraturtf  ctmtmmB  the 

.  ^ame^  whatever  the  elasticity  of  the  mr  is. 

2.  The  elasticity  of  the  atr  varying  in  a  geometrical  pTogre$^ 

sioUf  its  cooling  power  changes  liUewise  im  a  geometrical  progre$' 

.  sion  in  such  a  mamier  that  when  the  ratio  of  the  first  gtomeirical 

progression  is  2,  that  of  the  second  is  l*36o,  the  mean  of  all  the 

•nunAers  given  above^ 

It  wilf  be  easily  seen  that  the  law  just  announced  wis  ilot 

reGognized  till  we  had  vundt  many  experiiaents.    But  when 

•  once  verified  for  air,  it  was  natural  to  try  it  on  the  other  ^ases. 

We  shall  now  g^ve  a  tabular  view  of  the  observations  native  to 

each  of  these. 

Let,  us  begin  with  hydrogen. 


£x<:C88  Qfiemr  cooling 


-perature 
jibove  the  gas. 


Velocity     on 

"■•♦"DWo.     t»res- 


the  contact  of 
hydrogen. 
Pref .  0'72  m. 


1^ 
160 
140 
ISO 
100 
80 
60 


•*^iav 


sure  0*36  m. 


16*56o 

14-26 

12*11 

1010 
7-96 
6-06 
4-21 


10-97 
0*24 

7-83 
6-2S» 
4*62 

s-ai 


DItfo.    Pref. 
sure  0*18  m. 


8-37 
7*11 
5-99 
4-7» 
8-58 
2*48 


iMtto. 

Pfessure 

009  m. 


PItto. 


*m  *■ 


7*49» 

«l*49 

5*47. 

4-64 

3-63 

2-77 

1-88 


0-045^01; 


4*95 

3*51 

l^09 
1*46 


I  I     ■>!■ 


The  ratios  between  the  numl)ers  in  the  second  and  third 
cohunns  are : 

1-29    ..   1-30  ..  1-31   ..  1-29   ..  1-28  ..  1-31   ..  1-3.1. 

The  ratios  between  the  numbers  of  the  third  and  fourth 
columns  are :  * 

1-31    ..   1-31   ..  1-30  .•  1-31   ..  1-32  ..  1-29  ..  1-29 

The  ratios  between  the  numbers  of  the   fourth  and  fifth 
. 'Cotunms  are : 

1-31    ..   1-29  .,.  1-30  •.  1;29  ••  1-30  ..  1-29  ..  1-3? 

The  ratios  between '£h6  numbers   of  l3ie   fifth  and  diktii 
columns  are: 

.     1-29    •.   lai   .•  1-29  ..  1^32  .'.  V30^  ..  l'*J'  ..  bSS^ 

The  very  near  ftppiMteh  to' eqtM£Myte'dl68«itt  ^nishes 

us  wHb  a  residtam{ogou8t6  ihat  wMeh  ki^  Htnee 

■  l"  ■  I  -^ 


r-  f  ' 


3^'-  Duhii^'ikdTititmtheMeasm  [M^^, 

the  sole  contact  ofhyjirogen  varies  ^th  the,  txcessi»<^te^tpifuri^ 

^m'ThttooHng  power  of  hydrogen  decreases '4rt^d^timettifri^ 
pifi;^rtssionf  whose  rdtiois  l;30l,  when  its  elasticity  d$miti^ei^4^\ 
a^geom^trical progression^  whose  ratio  is  2.    \  ..••  vy.    i 

vVe  obtained  the  same  consequences^for  c3fti*boBio  fLci^-tifid 
olefiant  gas.  Thift  may  be  easily  verified  in  the  two  foUowing 
tables,  auaiigedfor  each  of  these  gaacaas  the;  table  given  above 
for  hydrogen.  ^  -r. 


£zces8  of  tem- 
perature 
above  the  gas. 


Velocities  of 
cooliDcduein 
carboikicacid. 
Pres.  0-72  in. 


2009 

isb 

160 
140 
120 

90 
€0 


5-2S» 

4-57 

4-04 

S'S9 

2-82 

2-22 

169 

1*18 


mmm 


Ditto.    Presr 
sure  0*S6  m. 


>  J 


S-64* 

3*22 

2-80 

2-38 

1-97 

1-aft 

Mr 
»-g2 


Ditto.,,  Prc»ii 
ssreO'lSin'. 


•-J 


2-5d«> 

1-97 

1-35 
h08 

0  82 


.-« 


Ditto.  , 
iPt¥saarfef" 
0*00  m. 


1-790 

1S7 

MT 
0^85 

D-T6 
.0-40     . 


^  Ditto. 

!>'Prbs«e 
0«045iii. 


CO 


l-2fiP. 

-.0:2a  . 


V? 


.-.jf .  I- 1 


X^cessof  tern-  «^i;.^  ^»-#* 


therm.    abo?e 


..200^ 
IW 
100 
140 

.    120 
100 

-     80 


Velocitfes  of 


the  contact  of 
olifiaot  gas. 
Pres.  0*72  m. 


7.410 

6-45 

541 

4-70 

3*84 

S12 

284 


Ditto.     Ptei. 
sure  0*36  m. 


5'18o 

4-57 

3-86 

3-31 

2'76 

2-21 

1^62 


mmmmn*' 


■'  :..    i      LjL-..i.    ■ulC>i\'L2^  'iC^ 


Ditto.     I^es^ 
sure  0*18  m. 


3«64« 

317 

2-72 

1-92 
1-55 
M5 


■::  ".t  ■  u'i; 

jPretuiro 
0*00  m. 


2:'58* 

2'ies 

1-89 
1*68 
1-35 

108 
0-79 


.i-84>     :- 
i-59 

0-96  -,. 
0-78    '   " 


v->  ■'.  ■^ 


Miean  ©/"a/?  /Aes«  Ratios, 

For  carbonic  acid  •.. V. .  =5  1'431 

For  olefiantgas....  ...•.,.,•.,.  =  1'415 

From  fdl  that  precedes^  we  maydi^w  the  foQowin^  cddse-^- 
qtfehces: 


1  <«■ 


the 


1.  The  losses  of  heat  due  to  the  contact  of  a  gas  increase -witk^^ 
b'  excess  of  temperature^  accordi^^g  t&  a  law  which  remains-tiie 


:<i .  J 


sarke  whatever  he  the  elasticity  of  the  gas. 

3.  ThetooHng  powers  t^  the' setnte  gas  v&ty  in  geometrical pr^^ 
gressi&h,  ■  while  the  elasticities  ^ry  in  geometrical  pro^esswt^f  '■-■ 
and  if  vk  stippose  therc^of  of  this  second  progression  to^ei^  jfAt  J 
rdH& ^K m^'^wi^gres^oH  ^11  be  4>S60  f&r  ■  air ;  1  -SO  1  fi^' 
hydrogen;  1*341  jorT  tarbonit  add^md  l*4l^/g^'^^«M^j|(l^  ' 


TliMeKesuit<i|iAy  be  announced  in  a  maimer  still  more  umpk,  to 
i/vl^cyii  .w<s.;W:<^  led  by  the  following  calculation. 

If  we  call  P  the  cooling  power  of  air  under  the  pressure  p, 
thift  po5¥er  will  become  P  (l-SoG)  under  a  pressure  2  p ;  P  (l'36o)* 
binder,  a  pressure  4  p;  and  under  a  pressure  p  .  2%  it  will  be 
P  (1-366)".  Making  p  .2r  zsj/  and  P  <l-366)"  =  P',  we  shaU 
oliyioi^ly  obtain  by  eliminating  n. 

Log,  y  ->  Ifeg.  P  _  Leg,  y  ^  log,  p 
Log.  (I •366),  Log.  2 

Hence 


T  =  (0 


Wt  shall  find  in  the"  sjfune  way  for  hydrogen 

For  carbbnio^cid^  the  <^ponent  will  be  0*517^  and  for  defiant 
gas(>:60L  :      y- 

Frbioi;  th^s  wa  conclude^  that  the  cooling  power  of  a  gas  is, 
every^dfcbing  else  being  equal^  proportional  to  a  certain  power  of 
its  el6$ticity ;  tart  that  the  exponent  of  this  power  vanes  from 
one  ^k  to  another,  iJtisJQ'SS  for  hycbrogen,  0*45  for  air,  0*617  . 
for  carbonic  acid^  and  0;501  for  olenant  gas.  These  last  three 
numbers  differing  httle  from  0*5,  we  may  say  that  in  the  gases 
to  whicB  they  belongs,  the  cooUng  power  is  nearly  as  the  square 
root^c^ftp  efasticil^. 

If  we  coj^pare  the  law  which  we  have  thus  announced  with  the 
api^ximfttioas  of  -Leslie  and  Dalton,  we  shall  be  able  to  judge 
of  tBe  errors  iutp:  whictf  JJuey  have  been  led  by  the  inaccurate 
suppQjifitions  which  serve-  s^  the  basis  of  all  their  calculaticms, 
and  by  the  little  precision  attainable  by  the  methods  which  they^ 
have^Howed.  The  first  Ijy  phptometrical  experiments,  calcu<^ 
latedv^y  the  law  of  Newton,  finds  the  cooling  power,  of  air 

aortional  to  the'  "fiflh  root  of  its  density ;  and  Mr.  Dalton 
I  it  proportional  to  th^  ci^b^e  root,  supposing,  as  he  always 
does,  the  law.  of  cooling  ilie  same  fot  all  bodies  and  in  all  the 
gases.         ." 

Now  that  we  know  the  influence  that  the  temperature  and  the 
de^i^.iof^the  gad  in  whk^rit^^es  plape  has  upon  cooling,  it 
remains  to  discover  how  for  a  given  state  of  a  fluid  the  velocities 
of^oolingdenend .upon  tl^ejo^esfiiespf.tjhe temperature. 

;Wq  h^y^  already  Qbseryec|>  jh^  ^^  law  which  expresses  this 
dependance  remains  the  i^^^.foi.the.«ame  gas  when  its  elasti- 
ci^.C^Oges.  Letuss^e  r^ow^^^^tjbappens  when  we  pass  from 
one-^to  another.;  a^d  for  0ii&^pHrpQs#  let  us  ri^sume,  from  the 
pre^ditig;>t^bles,.the  v^ooitiets  fo^jcool^g,  dvie  to  the^  sole  con- 
tact oil  m, '  of  hydrog^i^  e^dbo^q  .a^idlf  ^.^d,  ojefia^^  gases,  these 


830    Ihdong  and  Petit  onthe  Measure 6/ Ttmpemiures,    {IMat, 


iE^xcesses       of 

Velocitin       of 

.       ■•      ■     -^ 

tm  p«  of  iMnii* 

conliag   dae  to 

Ditto     of    by>- 

Diltb    it    car' 

Ditto    of    de- 

Mt^we  the  sor« 

(he  contact   of 

drogen. 

bonft  add. 

fiantg^.i 

roondiog  floid. 

•ir. 

J 

200° 

5-48° 

... 

5-26'' 

7-41*  ■ 

180 

4-75 

16-59 

4-57 

6-45 

160 

4-17 

14-26 

4-04 

5-41 

140 

3-61 

12-11. 

3-39 

4-70 

120 

2-90 

10-10 

2-82 

3-84 

100 

2-27 

7-98 

2-22 

3-12 

80 

1-77 

6-06 

1-69 

2-34 

On  dividing  the  numbers  in  the  third  column  bv  those  in  the 
second,  we  find  for  the  ratios  between  the  losses  irom  hydrogen 
and  those  from  air 


3-49 


• » • 


3-42 


3-46 


•  •  •  • 


3-48 


•  •  »  » 


3-51 


•  ^  •  • 


3-43 


Now  as  it  would  be  sufficient  to  render  these  ratios'  equal  to 
alter  the  velocities  which  have  served  to  determine  tiiem  by 
quantities  within  the  Umits  of  the  uncerlantty  td  which  sdl  tiucn 
experiments  are  exposed,  we  may  coacludd  that  the  hnr  is  tiie 
same  for  hydrogen  and  for  air. 

We  shall  come  to  a  similar  conclusion  for  the  two  oAergasclB, 
if  we  take  the  ratios  of  the  velocitiei^  of  coolihg  which  th^  p^ 
dnce  to  the  corresponding  velocities  produced  by  air.  life 
numbers  for  carbonic  ucid  are, 

0-958   .•  0-962  ,.  0-968   ..  0-06o  ..0-972  . .  0977  . .  P'965 

Those  for  defiant  gas  aie, 

1-36    ..    1-36  -.  1-30   ..  1-33   ..  1-32  ..  1-37   ..  1-32 


The  law  of  cooling  produced  by  the  sole  contact  of  ti  gas  is 
then  independent  of  the  nature  and  density  of  this  'eits  ;  '«nd  ite 
comparison  of  the  series  given  above,  with  an  analogotCB  tdeHn 
of  cooling  in  vacuo,  shows  clearly  that  the  law  of  wluch  we  are 
in  search  differs  from  that  of  radiation.  After  a  great  minj 
trials,  of  which  it  would  be  superfluous  to  give  an  accdcmt/we 
have  found  that  the  velocities  of  cooling  due  to  the  sole  conttBcl 
of  a  gas  vary  with  the  excesses  of  temperatctre  of  the  bo^^ 
according  to  a  law  analoj^ous  to  that  which  conneCtiB  the  cdoin^ 
power  of  a  fluid  with  its  elasticity ;  that  is-  to  say,  that  ffl* 
quantities  of  heat  which  a  gas  carries  off  from  a  body  incr^itte 
in  a  geometrical  progression,  while  the  excesses  of  tenmeratore 
likewise  increase  m  a  geometrical  progression.  The  ratio  of  this 
last  progression  being  2,  that  of  tne  first  is  2*35.  We  deduce 
likewise,  by  a  calcmation  similar  to  those  formeily  employe^ 
that  the  losses  of  hdat  due  to  the  contact  of  a  gas  txe  prop<i^- 
tional  to  ili'e  excesses  of  temperature  of  the  body  elerated  to  tfe 
power  1-233/  ,  .      '  : 


1819.]    and  on  tXe  Laws  if  the  X^mumtafion  (f  Htd-'  ,9^1 

To  enable  the  reader  to  jndffe  of  the  accuracy  of  this.Iaw, 
T¥e  shall  gire  in  the  following  table,  the  velocities  of  oooliag  pro- 
cluced  by  the  contact  of  air  under  a  pressure  of- 0-72*01.';  •fte 
second  column  containing  the  values  of  these  velocities  olref^ed ; 
and  the  third,  their  values  deduced  from  the  law  which  we  have 
announced. 

FTcnwfi  of  temperature.        Velocities  observed.  DiUo  calculated. 

200^  6-48^  5-46^ 

180 4-76  • 4-78 

160 4-17 4-14 

140  3-61  3-51 

120  •, .,...2-90  2-91 

100 2-27  ..2-31 

80 1-77  1-76 

€0  1-23  1-24 

40 0-77  0-75 

20 0-33 0-32 

It  is  needless  to  transcribe  the  similar  comparisons  which  we 
have  made  on  the  other  gases,  and  each  of  the  pre^ures  under 
which  we  have  operated ;  for  we  have  recognised  above,  that 
the  series  relative  to  each  of  them  follow  exactly  the  same  law  as 
for  air,  and  that  this  law  is  observed  under  alf  pressucea.  Hixt 
iht  comparisons  of  which  we  speak  have  aftbrded  us  as  satk- 
factory  results  as  the  preceding ;  and  indeed  this  may  ba  easily 
verified  upon  each  of  the  series  of  observations  which  we  have 
given  above. 

To  obtain  a  general  expression  of  the  velocity  of  cooling  due 
tD:iiM  contact:  of  a  fluid,  it  is  necessary  to  collect  allthe  parti- 
cidax  laws  which  we  have  made  known.  But  the  first  law 
informs  us  that  the  state  of  the  surface  of  the  body  has  no 
iafioence  on  the  quantity  of  heat  which  the  fluid  carries  ofiffrom 
il^  and  the  second  law  proves  that  the  density  and  the  tempera- 
.pn%  of  this  fluid  do  not  aflect  the  cooling  but  in  as  far  as  they 
ccmtribute  to  var^  the  pressure ;  so  that  the  cooling  power  of  the 
fluid  depends  ultimately  upon  its  elasticity.  This  elasticity  and 
the  excess  of  temperature  of  the  body  are  then  the  two  only 
elements  which  can  make  the  velocity  of  cooliag  vary.  Denot- 
ing the  first  of  these  elements  by  p,  and  the  second  by  /,  we 
sludl  have  for  V  the  velocity  by  the  contact  of  a  fluid. 

V  =  w  .p*  .^  '   . 

h  liein^  for  all  gases  and  all  bodies  equal  to  1*233 ;  c  being  like-* 
wise  uie  same  for  all  bodies,  biit  varying  from  t^e  gas  to 
Another;  and  m  having  a  value  which,  changejs  with^the  nature 
of  the  gas  and  with  the  size  of  the  body.;  The  values  of  i;  are, 
as  we  have  found^  0-45  for  air ;  0*38  fof  hydrogien^."  Q:b\i  for 
carbonic  acid ;  and  0*501  for  olefiant  gas.  The  vaiues  of  m 
depend,  as  we  have  said,  on  the  dimensions  of^keX^odc^  ^xA^^ 


nat'iri*  ^f  t^^  gp*  }  ibr  oag>  thenaometef-w  is  canal  to  0'00919 
in  air ;  to  0*03>8  nk  li^hdgen ;  to  (HM>e87MtaTba;^ 
anrf^^tJf  a*flH227m'  6fcfi?ml  j^.  <TTi(&«e>affij|^;bt^«Bpp^ 
e^qiressed  in  metres,  and  t.  in  centigrade  degrees^  --W^^ioiff^ 
the  iH?^C0ding  value , of  ;Y,  calculate  th^jratios  of  thfedfoling 
powers  of  the  different  g^es  for  each  jprelssure.  Thus  tak&%  the 
cooling  power  of  air ,  at  unity,  and  jsupposing  the  J»&sure 
=  O'lGnkf  we  hisive  for  the  cooling  Mwer  of  hydrogen  3^48,  and 
for  th^  of  carbonic  acid  0-965,  These 'numbers  willckange 
with  the. ^asticity  belonging  to  the  three. gases.'  ThisJfessre. 
Leslie  and  Dalton  did  not  perceive ;.  biit  it  is  easily  deduced 
from  o|ir  formula.  However,  their  determinations  differ  batlitUc 
from  tWe  which  we  have  calculated  fbr  the  pres3ure  of.0^J6  m. 
We  should  deduce  likewise  ratios  very  little  differient  frdai  these 
fix)m  the  experiments  made  more  recently  by  Sir  Humptey 

..The  .Simplicity  of  the  general,  layy  wUfvh  .yrf^,  l^je;jiiB|(^^ 
imown  made  us  desire  eagerly  to  foe  Meio\y^fyi%  '^  ^0pen» 
tures  more  elevated  than  Uiose  which,  w^hia^  a^^li^mptdd  inuiw 
jexpenments.  We  succeeded  by  a  very ^si^iefrpip^^s^llMKijcii 
of  wUch  was  first  sug^sted  by  Mr*  Leslie.  \.  :-.* 3 a-u-j £11  ;ot{^  ibyi 
When  our  thermometer  with  th^-naketdj  ]b§!!L:0QQl^4:mothd 
open  air,  the  total  velocity  of  this  cooling  is  the  sum'  of  the  velo* 
cities  due  separately  to  tiie  contact  of  air  and  to  radiajtion. 
Deniy^g  ^iese  fyy  o  ^uasd  t)^,  tk«  total yeld»tj^1s^<^4^  ¥t^KW 
tb«nMttlet^1!'<be  covei^ed  with  silver,  ^§^fi6bityi^  t!iiB%ffi^ 
air  i^m^s  the^saane  fortheitameteiid^i^e^piitt^^ 

^s:md  juilferitu  IrTS^^;  .Tbe.vilotai  coalings  :ofirtkvi«lqa«^ 

thermometer  is  then  v  4  '^i''''TLM^^itr^  fe%W8fifeiafe* 

that  in  order  to  know  at  ail  temp^ttd'^s''j^e  losses  df^n^^pro^ 
duced^by  the  contact  of  air^^^r  ra  sufficient  to  deten^;li  the 
total  ^K)cities  of  coding  of  ^<lir  thermometer,  first  ^^^  the 
bulb  isn^ed,  and  then  when  Ifi^  covered  vndr  silver.  ^^ 
velQcitii^  being  represented  by  i^j^d  b,  we  shall  have   |:'  ^'  ^ 

Let  HIT  vpffy  this  formula  to  ^piie^  results  contained  in' tSie  fol- 
lowing^ble:  •  '-^ 


'/OOP  0  fj?  ii*j/p'.  '-'  '■"  '■•».»<i.f.';.'M'fr"'vr.' — r,-,'    r,:  ,  af^   ^i;*;  ";>■■  ii.ViIgf: 


M9l  -PiMfktMn.  •  of  Tetat/'tr>9cittct  ^ 


^ 


220 
200 
180 
160 
140 
120 
lOO 
80 


cotMnm.itt.tii*  tUr 
Tcrtd  bdb. 


24^42«' 

2112 

17*92 

16*30 

13'04 

10-70 

8'76 

6-82 

6-67 

415 


■Vshm  Qflft. 


lo-ee' 

9'82 
8-59 
7-67 
6-67 
5*69 
4-61 
3-80 
306 
2-32 


I        !■    ■»■ 


8'10* 

7-41 

6*61 

5-92 

619 

4*50 

3-78 

311 

2-63 

1-93 


-4 

r4 


The  second  and  third  columns  contain  the  total  velocities  elf 
coolings  of  athennometer  with  a  naked  and  silver  bnib  for  the 
excesses  of  temperature  contained  in  the  first  column.  The  la^ 
eohunn  contains  the  corresponding  values  of  v;  that  is  to  say. 
tib6  loMes  of  hdat,  which  the  contact  of  air  alone  produces  in 
both  thermometers.  But  tiie  law  which  these  losses  of  Jh^e^ 
fidlow  it  expressed  by  the  fdlowing  equation : 
.oi'*'  '.'■         '  ^  «.  fif*»  ■        ^  '      '•'-■  •_; 

^>w£iftcb  n  must  be  determined  in  each  particular  caae ;  for.  tte 
m»  :^luch  we  are  considering  n  ts  Q^OOSS?.  By  siyiBg  sy^*- 
^^jdyio  t>^  the  values  for  every  20»,  from  Sa^.to  860^ 
^p^e^sbiadl  have  the  corresponding  values  of  v,  which  will^ffer 
Bftt  %tle  irocn  those  <ieduced  expeiiihentafiy.  To  mtiflie '  Mi 
4Qna|)^sQa  morej  easy,  we  have  united  in  Uie  folio  wing  taiate 
d»  ol^served.  and  calculated  valuesiof  t^t  ,  .       ,/* 

£zcessei  of  temp,  .Ob^fry^^.Talae^pf  V^.    .    ^v,    £slfflUM  saluei  of  V* 

^  '    'UO  7*41  ,  .    7.^0 

*\J    .-♦••••»•••-,-•  '•J-*  •■•  •^    vOl  '   r  m.v  •  «',«','•  •  1)  -•  Tf  •  •  «,    0*0t}  •      -   ■  ■    T 

......:....,;;6-i&. ,..,.:. ...7:; 5-17    ' 

...•*/.;.v;:.;4-50    ..:•;.:.......  447 

-.3-73 3-79 

;\..  3-11     ,:...v,f 3-14 

1-93     ;.. .....J.m.,^;..: 

Thus  the  losses  of  heat  by  air  are  confirmed  when  we  extend 
our  observations  to  greater  excesses  of  temperature.  The  results 
already  stated  will  hkewise  furnish  us  with  the  means  of  verify- 
ing the  law  of  coohng  in  vacuo.  T  *  ^cient  for  that  to 
subtract  ifrom  the  totS  velocities  o<  ^liose  which  are 

due  to  the  sole  contact  of  air;  thai  :essive 


^^• 


.t- 


180 
160 
140 
120 

100 
80 


»  «  •  .'...■•  ».««••• 


334,  Duloag  md Petit  oa>iie  Meatart  of  Tempemtwmi^^-  {M^T, 

▼aluet  of  V.  The  remamders  will  evidently  be  the  Tekkdties.of 
cooling  owing  to  radiation,  or,  which  comes  to*  the  same  thiffgi 
those  which  would  have  tsJceii  place  in  vaeno. 

Wq  give  here  the  munbers  thus  determined  for  the  thermo- 
meter with  its  bulb  naked;  we  join  to  them  the  yelocities 
deduced  from  the  law  of  cooling  in  vacso^  The  velocity  in  this 
case  is  expressed  by 

m  (a*  —  1)  ; 
t  representing  the  excess  of  temperature  of  the  body,  m  a  con- 
stant coefficient  which  must  be  determined  in  each  case,  and 
which  is  here  equal  to  2-61 ;  a  denoting  the  exponent  1*0077 
common  to  all  bodies. 

—  .  Velocities  of  rooliogiii  vacuo  de-  '    Velocities  of  tooilng  fi 

ISxceties  Of  temp.         ^^^^  ^^^  obserTations  io  air.  ▼acno  bj  calcttlatim. 

260^  16-32° 16-40* 

240  13-71  13-71 

220  11-31  11-40 

200 9-38  9-42 

180  7-85  7-71 

160  6-20  6-25 

140  502  4-99 

120  3-93 3-92 

100  304  2-99     . 

80  2-22  2-20       - 

We  see,  from  the  example  which  we  have  just  given,  that  (t 
is  possible,  by  immediate  observations  of  cooUng  in  air,  to  esti- 
mate separately  the  losses  of  heat  due  to  contact  and  to  radia- 
tion ;  and  that  it  is  necessary  for  this  to  observe  the  cooling  of 
the  same  body  under  two.  diSerent  conditions  of  surface,  mt 
this  mode  of  calculation  depends  on  the  one  side  on  the  suppo- 
sition that  the  quantity  of  heat  carried  off  by  the  air  is  iodepen* 
dent  of  the  nature  of  the  sur&ce  of  the  body ;  and  on  the  other 
on  this  principle,  that  bodies  of  a  different  nature  preserve  at  all 
temperatures  the  same  ratio  between  their  radiating  powers. 
These  two  propositions  are  rigorously  true,  but  can  only  be 
constated  by  direct  experiments,  such  as  those  which  we  nave 
stated  above ;  and  though  Mr.  Leslie  has  adopted  them  ia  the 
use  which  he  has  made  of  the  principle  which  we  have  just 
explained,  his  results  have  not  all  the  accuracy  that  coukl  be 
desired,  because  he  has  always  calculated  the  velocities  of  cool- 
ing according  to  Uie.  Newtonian  law. 

The  laws  relative  to  each  of  these  two  effects  which  concur  to 
the  cQoUng  of  a  body  plunged  into  a  fluid  being  separately  esta^ 
bli^hsd,^  it  is  merely  necessary  to  unite  them  ia  order  to  deduGe 
thekjaw  i4  t^M»l  cooling. 

The  velocity  v  <tf  this  cooling  for.au  excess  t  of  temperstiBe 
wiUbethen  expressed  by  the  formula 


The^RnoititieB  a  and  6  will  be  for  aU^bodiea  and  in  ttt  A«idli< 
ic^iiatyihe  first  to  1*0077,  and  Hie  second  to  1^233.  The  co^k 
:ient  m  will  depend  on  the  size  and  the  nature  of  the  surface,  as 
well  as  npontJie  absolute  nature  of  the  auirounding  body. '  Ttit 
coefficient  n,  independent  of  this  absolute  temperature,  as  wel 
jR  of  the  nature  of  the  surface  of  the  body,  will  vary  with  th^ 
rlasticity  and  with  the  nature  of  the  gas  in  which  the  body  is 
dunged ;  and  these  variations  will  f(^ow  laws  which  we  have 
Iready  established. 

This  formula  shows  us  in  the  first  place,  as  we  have  announced 
t  the  commencement  of  this  memour,  that  the  law  of  cooling  in 
lastic  fluids  changes  with  the  nature  of  the  surface  of  the  body. 
n  fact,  when  this  change  takes  place,  the  quantities  a,  b,  and  «, 
(reserve  their  values  ;  but  the  coefficient  m  varies  proportionally 
o  the  radiating  power  of  the  surface.  If  we  represent  its  new 
alue  by  w',  the  velocity  of  cooUng  will  become 

m'  (a*  —  1)  +  »  ^* ; 
quantify  which  does  not  remain  proportional  to 

m  (a*  —  1)  +  n  t*, 
^hen  t  changes. 

Let  us  now  examine  how  the  ratio  of  these  two  velocities 
aries,  and  let  us  suppose,  in  order  to  fix  our  ideas,  that  m  is 
;reater  than  mf ;  that  is  to  say,  that  it  belongs  to  the  body  which 
adiates  most. 

We  may  in  the  first  place  satisfy  ourselves  by  means  of  th* 
ales  of  the  differential  calculus,  that  the  fraction 

m  (««  -  I)  +  n  <» 

>eccines  equal  to  —, ,  whether  we  make  f  =  0,  or  f  ==  oo  •. 

If  we  suppose  t  very  small,  the  quantity  a'  -—  1  is  reduced  to 
.  log.  a,  and  the  preceding  ratio  b&comes,  dividing  by  t  log.  m. 


m 

■f 

-      % 

.<'- 

U%.a 

m' 

+ 

n 
1 

.^-' 

Under  this  form  it  is  evident  that  the  ratio  ntifftt  diminish  in 
proportion  as  t  increases,  h  bein^  ^ater  than  1 ;  but  this  ratio, 
ifter  having  diminished,  will  again  mcreate,  since  it  must  resume 
o  infinity  the  value  which  it  has  when  f  cs  0.  Prom  this.it  is 
iasy  to  conclude  the  truth  of  the  principle  which  we  have  estit- 
>Usned  at  the  beginning  of  this  memoir,  and  which  comes  td 
hisr  ^^^  when  we  compare  the  liiws  of  cooling  in  two  booties 
ivitli  •different  surfaces,  the  law  is  more  r^d  at  low  temperatures 
or  the  body  which  radiates  the  least;  and  less  rapid,  <m  tibe 
•ozrtnuy,  for  the  same  body/  athi^h  temperatures. 

This  may  be  easily  Tf  i^ithe  f(^owiag  tablj»,''Wfaere  we- 

lave  inserted  the  velociti  diag^  oMm  n^ed  thermometer, 


dM    Baloi^MX-l^it  OK  the  Measure oTTempgr/ftures,    [Mat, 
iuid  of  flie  vtlftrsd  tbermomeler,  and  the  ratios  betw^eb  Aese 


•fttcrmoaeln. 

Ve)o«itief  of  cooline 
nt  the  i.akcd  ihermo- 
iMWr.- 

Vcloe-itiM  rf  c»ol. 
mg  of  the  iilvued 
(twrinonicler. 

Hallos  of  IVM  ^ 

iDciliH. 

260° 

24-42° 
21-13 
17-92 
IS-SO 
13-04 
10-70 
8-75 
6-S3 
6-66 
416 
2-86 
1-74 
0-77 
0-37 

10-96° 

2-23" 

!40 

220 

.300 

ISO 

160 

140 

..      .120 

9-82 
8-69 
7-67 
6-67 
-  5-69 
4-81 
3,-80, 

2-lS 
2<I0 
2-02 

l-9» 
1-91 
1-89 
l-80,i 

80 

60 

:      40 

20 

2-32 
1-60 
0-96 

0-42 

1-79 
-  l-M.  Tfl 
1-8S»<I 

"  The  mere  inspection  of  the  numbera  inserted  in  the  last  colntnn 
fully  (Sonfirms  tne  fact  announced  above.  We  perceive  !(lrt*rist 
ihe  ratios  of  tlie  velocities  of  the  two  thermometers  remaihine 
liearly  the  same  for  the  excesses  of  temperature  between  40° 
'aid  120**.  This  circumstance,  resulting  obviously  fh)in  tha 
'tatios  increasing,  after  having  diminished,  has  probably  corifri- 

"  btlled  to  persuade  Mr.  Dalton  that  the  law  of  cooliog'in  air 
must  be  the  same  for  aJi  bodies.     If  the  above  series  w*rt  tpr- 

.  ned  fljrtbcr,  we  should  find  that  the  ratio  of  the  Velocifies  of 
Gooliug  which  is  abeady  equal  to  2'23  for  an  escc-ss  of  teipoBa- 
tare  of  260°,  increases  lajnaly  as  that  excess  augments,  altn  flial 

-  |t  approaches  more  and  mere  to  the  number  jvQ7  to  which  the 

ficaetion  —,  is  equal  in  the  case  of  glass  compared  with  aim. 

We  see  from  this  to  what  a  degree  the  consequences  deduced 
by  Mr  liCslie,  fr<Hn  experiments  made  at  low  temperatures,  >te 
ine^curate.  For  having  imagined,  as  we  have .  saitT  iii  flu 
beginiung  of  this  xpemoir,  that  the  ratio  which  we  have  defcr- 
suQeJahoye  would  continue  always  to  diminish,  he  had  suppoieJ 

'  th^  it  would  terniLDate  by  becoming  almost  equal  to  unity ;  s" 
that  at  high  temperatures,  the  total  losseg  of  heat  woulii)« 
aloKst  iodeDoncLent  of  ihe  state   of   the  surfaces,     Th*  law 

■  9(bi(ji  thU,  pbupaopher  iias  proposed,  and  hkewise    those  of 

,^  Baltoa  smCjlilwtine,  amy  he  all  refuted  by  a,  gins;le  argunteat; 

."for  a]I^'seUn^j^a}:e  the  vtlocity  ofcoohng  depend  sole^.oa 
Ajfi  BXcet^of  tt£.  tempei-attire  of  the  ht^y.  above  that  of  thtsi^- 
rouoding'  medium ;  while  experience  proves  -that  other  t&pff 


l^ieO  jm^  OH  tUi«wt  <^ti£  CammaiaOim  <lf.Stat.  ^^ 
baiivoQua),  this  vdocity^  d^u^^  in  4,rainark»bl«  degree,  with 
iKe  temperature  of  toe  floid  which  lurroundB  the  body. 

It  i*  needleu,  therefore,  to  enter  into  any  discusBion  on  fliis 
•ubiect;  for,  admittiag  that  tb«  laiiv -of  which  we  hav»  jut 
•poken  represent  the  rcanhi  of  enteiia&cc  within  the  linhi  in 
which  they  have  been  determined,  it  it  certain,  from  allthat 
pncedea,  that  when  we  eztoid  them  beyond  these  limita,  we 
anire  at  results  vera  difierent  from  IJm  truth. 

We  may,  byconaidatationa  analogous  to  those  which  we  have 
used,  above,  aetennioe  in  what  manner  the  law  of  total  cooling 
changes  for  the  same  body  «^  tht  nature  and  density  of  the 
gases.    . 

Hie  total  velocity,  of  cooling  is  expressed  by 
m  (o'  —  1)  +  n  ** 

If  we  consider  another  gas,  or  the  same  gaa,  at  a  different 
denilQr,  the  velocity  of  cooling  will  be  for  the  same  body 

Ilt(B'  —  I)  +  «'C 

for  the  coeffident  «  ia  the  only  part  of  the  expression  which 
duuasea  in  this  case. 

On  cmnparing  these  two  expressions,  we  find  that  their  ratio 

.becomes  eqoal  to  unity,  whether  we  make  t  =  0,  oi  t  =  m . 

..Hence  the  total  velocities  of  cooling  in  different  gases  api^oaoh 

«.  MWl^^  ^  ^^'y  ^^  ^^  ^^  ^^^  temperatures ;  wlule  in  the 

^.  .utgnnediate  part  of  the  scale  these  velocities  may  be  vsiy 

'  .jpt^OffflL    This  result  is  sufficient  to  show  the  inaccuracy  of  the 

..,pro<ccasea  which  Mr,  DaltonandMi.  Leslie  employed  to  compare 

.'^W  buai  of  heat  due  to  different  gases ;  for  these  processes  are 

,  tTOnnded  oa  the  supposition  that  the  total  velocities  of  cooling  in 

,  t^  lEBbrent  gases  preserve  the  same  ratio  at  all  temperatures, 

)   Iw  fiom  a  very  singular  circumstance,  upon  which  it  is  aeed- 

Ijisa  to  inustj  the  particular  temperature  at  which  they  operated 

, .  lenders  the  error  very  small,  and  they  were  far  frtim  ascribing  it 

.  \to  their  mode  of  calculation.    Accordingly  their  determinationa, 

ias  we  have  said  before,  are  veiy  near  the  truth,  provided  ttiey  be 

.    reatraioed  to  the  drcumstances  in  which  they  iuive  been  made. 

L        The  necessity  of  estimatiDg  separately  the  influence  of  eadi  of 

^  the  causes  which  modify,  the  progress  of  the  cooling  of  a  body 

',   Qot  having  allowed  as  to  bnOg  together  the  diflerent  laws  to 

'    which  we  nave  come,  we  conceive  that  a  snmmaiy  recapitolo' 

t   tion  will  be  so  much  die  more  useful,  because  We  shall  have  it  in 

*   our  power  to  re-establi^  the  natural  order  which  the  descriplim 

of  experimenta  and  the  discussion  of  the  resuhs   have  often 

jC^Eged  us  to  interrupt 

f      jputingaiahing,  as  we  have  done,  the  lonea  of  hesft  due 

'  aeDWide^  to  the  contact  (^fluids  and  to  radiation,  we  scion 

!eive_that  each  of  fliese  two  effects  is  nAiect  to  Mitieidar 

It  to  express  the  idaaons  wficfi  exirt 

•  of  the  bo^  wad  Ae  veUefiy  of  ha 

■*■"'   T^     ■" 


S^  Diife^ ami  P*iH  m  Ike  MeatHre if  Itnye/ullfc  tuVfc.  [Mat, 

MoUog  for  all  po«/!»ble  eircumsttaceB.  We  moM  itteiltL4t<tfait 
by  ve/oct^  of"  (CooA'i^  we  mean  always  the  noinber  of^dkgflieift 
Wnioh  the  tempefatnre  of  the  body  woold  sink  diniA^vn  uiftriMf 
«maH  tBd  constwt  interval  of  time.  r''  u^^t 

.  llrif  Xaii;.'^If  we  couM  obseiTc  the  <k>oliiir 
{ft  a  TactHiAi  aurroufaded  by  a  wall,  totally  ctestitate  orhlMit<k 
dfeprired  of  the  faculty  of^  radiating^  the  ndocitiee  of  ee^tl^ 
would  decrease  in  a  geometrical  progpresidoiiy  while  the  ttdi^ef^ 
atetes  diminished  iti  an  arithmetical  progression. 

Second  Law. — For  the  same  temperature  of  the  waflft  of  ihb 
vacuum  in  which  the  body  is  placed,  the  velocities  of  coolii^for 
excesses  of  temperature  in  arithmetical  profession  decrease  as 
the  terms  of  a  geometrical  progression,  diminished  by  a  constant 
number.  The  ratio  of  this  gedmetrical  progression  is  the  same 
for  all  bodies,  and  is  equal  to  1*0077. 

Third  Law. — ^The  yeiocity  of  co<ding  in  vacuo  foi"  the  sanie 
excess  of  temperature,  increases  in  a  geometrical  prdgrestton, 
while  the  temperature  of  the  walls  of  the  vacuum  incseases  in  an 
atithmetica]  progression.  The  ratio  of  this  progression  is  like- 
wise 1*0077  for  all  bodies. 

t'ourth  Law, — ^The  velocity  of  coolihg.due  to  the  sole  contact 
pF  a  gas  is  entirely  independent  of  the  nature  of  tbe  surface  of 
uiebody. 

fifth  Law. — The  velocity  of  cooling  dud  to  the:  solfe  cdntat 
o^^  fluid  varies  in  a  geometrical  progression,  while  tbaexcesi^irf 
tanaperature  itself  varies  in  a  geometrical  ptrogressioa^  if  the 
ratio  of  ^s  second  progression  be  2,  that  of  the  first  ia  3*36^ 
whatever  be  the  nature  of  the  gas  and  its.  elastic  force*  This 
law  may  be  likewise  announced  by  sayifig,  that  the.quahify  of 
heat  carried  off  by  a  gas  is  in  all  cai^s  pcopoitional  to  the  ^aboeds 
of  the  teipperature  of  the  body  raised  to  the  power  1  -233* 

Sixth  Law. — ^The  cooling  power  of  a  fluid  diminiahes  in -a 
geoinetrical  progression  when  its  tenfiion  itself  diminishes  in  a 

rometrical  progression.    If  the  ratio  of  this  second  progression 
2,  the  ratio  of  the  first  is  1*366  for  air ;  1*301  for  hyw)gen; 
1*431  for  carbonic  acid ;  and  1*415  for  defiant  gas. 

iTbis  law  may  likewise  be  presented  in  the  fi)fewtng.nwHni>y: . 

iPhe  cooling  power  of  a  gas  is,  all  other  things  bemg  '  '    " 
proportipilal  to  a  certain  power  of  the  pressure.    The  exi 
of  ti^i  power,  \vhich  depends  on  the  native  of  the  gatyiisK 
for  air  I  0*316  for  hydrogen;  0*517  for  carbonic  acid  f  andl^dlU; 
for  defiant  gas.  i  vi 

Seventh  Law. — ^The  coding  power  of  a  gas  varies  witkjM^ 
temperature  in  such  a  manner  that  if  the  gaJB  cain  dilate^-  mn^ 
it  preserves  always  the  same  elastic  force,  the  cboling  pbWer 
Wiu  bo  as  much  diminished  by  the  rarefaction  of  the  gas  as  it  is 
increased  by  its  au^entatibn  of  temperajtiire. ;  so  that  ultimate]^ 
it  depends. only  on  its  tension.  .  .     '      . 

'  Wi  see  jfrom  these  propositions  that  the  total  law  of  cooling, 


wliidi' wmU  be  compoumded  of  all  the  preceding  laws,  nmstbe 
V9vy:«taiidieated ;  we  thall  not,  therefore,  attempt  to  tnaulateit 
inter  oftUrary  hngiiaae.  We  have  given  it  in  the  eounie  of  die 
memoir  un^r  a  mathematical  form,  which  permits  ns  to  examine 
att'ita  ooDeeqaenceB^  We  shall  satisfy  ourselves  with  remarkmg^ 
that  it  is  donbdflss  to  the  very  complicated  nature  of  this  law 
that  we  must  ascribe  the  httle  success  of  the  attempts  hitheitd 
ma4s  to  discover  it.  It  is  obvious  that  we  can  Ofdyarriveatit 
by  atndjring  apart  each  of  the  causes  which  contributes  to  Ae 
total  emcL 


Articlk  II. 

(M  tjk  We^hi  (^a  CMcJnch  ofdUHUed  Water;  andtkelhecir 
fie  GfoMy  af  Atmotpherk  Air.    By  E.  W.  M.  Rice,  A.B. 

(To  Dr.  Thomson.) 

SIR,  lMifai»  Jbrdl  6»  ISIt. 

In  the  fi)Uowii^  paper  I  have  endeavoured  to  deduce  the  true 
weight  of  a  cubic  inch  of  water,  and  its  specific  gravity  in  relar 
tioa  to  atmospheric  air,  from  a  comparison  of  tiie  French  expe* 
lisatiits,  diose  made  by  IBir  George  Shuckburgh,  and  a  theOreitteBl 
WW  of  the  compositioa  of  water.  In  making  the  nec^ssaifV 
QOtreetions  in  Sir  George's  actually  experimental  results,  IhaVe 
pMransed  to  difier  from  the  experimenter  and  Mr.  Fletcher ;  as 
ift'aj^eais  to  me  tlMit  the  data  on  which  these  corrections  ar6 
inmaed  cannot  be  svupported  in  the  present  state  of  scienM. 
Shenld  you  esteem  the  object  of  this  attempt  so  far  accf^ 
plished  as  to  be  worthy  of  publicity,  your  givmg  it  a  place  in 
the  Aimah  will  much  obliee, 

lours  very  truty, 

EW.M.Ricx. 

On  looking  over  the  49tfa  volume  of  the  Joutnal  de  Pbysiqne, 
it  mmmnA  to  me  that  Lefevre  Gineau's  experiments  were  eon- 


4tetM  wkk  80  mnch  attention  that  his  dtetenttiaation  of  Ae 
w  Iglilof  ft  voluaw  of  water  could  not  be  fhr  from  the  ^mtii; 
siriMi'that  the  difGarenos  generally  supposed  to  exist  between  his 
smd  Sir  Oeoi^  ShuelAurgh's  must  be  chiefty  attributed  to  ti^ 
imperfection  of  the  data  on  which  the  French  experiment  was 
slated  in  Englkh  weights,  andlSir  George's  reduced  to  the  mean 
teiaperatugB  and  pressure. 

1'  think  that,  for  the  present,  we  may  reckon  the  Paris  ponnd 
lit  32^  Fahr.  ecpial  to  7660  En^ish  troy  gi^  Thisi 

liave  deduced  nom  Tittetf^  ^"oeriknents ;  as  Utile  eonfid^Me  caa 
be  tdaced  in  the  dtisawi  ■  madein  1742,  from  the  h>egfa- 


nvMTxof  tha>CTperiment»r  and.  the  Bubseqvnit  xhiuig^^^ofrillliit 
atwdajcdti' '  Cfl^.  Kater  has  lately  meaaiuredihe  length  4>r  the 
French  standard  metre,  and  founa  it  eq^ualtto  ^'i'3'JI079 'Eo^ifik 
longitudinal  inches ;  each  standard  beingat  ilai  proper  tenopBra* 
tare.  Hence  the  cabic  decimetre,  or  litre,  will  contain  6 1*023U6M 
English  cubic  inches ;  now  this  bulk  of  distilled  watei  was 
found  to  weigh,  at  its  maximum  of  density  and  in  vaciK>,  18827*15 
gr.  of  the  pile  of  Charlemagne ;  and,  therefore,  one  En^irii 
cubic  inch  of  distilled  water,  under  like  circumstances,  we^M 
308*505  French  gr.  equivalent  to  25307148 English  tm^gr,; 
and.  tiJung  the  expansion  of  wator  withJffibigden  and  GilpBif 
1*00094  :  1  ::  253*07148  :  252*8388.  From  this  laatjuqiibeJr, 
which  expresses  the  absolute  weija^t  of  a  cubic  inch  o^  i^atfyr-st 
60^  Fahr.  let  the  weight  of  a  cubic  inch  of  air  at  .60^;4beiii^ 
30  bar.  (generally  accounted  about  0*31  cr.  but  which  ^i||fffl,&ve- 
after  rapear  to  be  more  accurately  0*3Q5lS^  hegubteac^k^  ^St^ 
remaiooer  252*5238  will  express  the  weight  o£  a-cubic  4^|b.sf 
distilled  water  at  60^  therm,  and  30  in.  barometrical  {nreBSWffv 

I. di^  estimate  it  at  252*525  gr«  (a  number  afibrdin&:;grett 
facility  in  calculations),  and  endeavour  to  6iu>w  that  $ir  George 
Shuckburgb's  experiments,  and  a  theoreticial  yiew  o^thecoa^ 
sition  of  water,  justify  that  choice. 

The  first  step  here  necessaiv  is,  from  Sir  George's  eacperiments 
made  in  Savoy  (Phil.  Trans,  ror  1777),  to  find  the  ratio  of  air  to 
water  when  the  barometer  stands  at  30  inches  and  Fahreidiidt^A 
thmuioineter  at  60^.  In  doing  this,  I  shall  ndt  extend  th^^esM^ 
lations  further  than  two  decimal  places,  as  the  experiment  does 
not  seem  to  have  been  made  with  sufficient  jporecision  to  warrant 
greater  niceW.  Air  and  water  were  successively  weighed  in  the 
same  glass  nobe,  or  rather  flask.  j^^,  : 

The  weight  of  its  cbntents  of  air  at  53?  and  29^27  .bfnt^neter 
wasascertainedto.be  16*22gr.  .       .  ,.   .;         •(i<:)n»M[;^:£ 

Its  contents  of  water  at  5P  weig^hed  13562*6  mr.     .  v ,  v  ■ . 

From  the  expansibility  of  glass,  it  is  evident  £at  ^9 jQi^pfuaity 
of  the  globe  at  53^  is  greater  Uian  i^t  5P«  I  have  cai€||d^t44;W 
difference  produced  by  chdnge  .o£  temperaturajopir^jthfs-jqjaa^^ 
of  :air^.  contained  i(i  tho:  globe  and  coq verted '■^^  WA^t^jhlWt 
O'wigjc.  which  is,  therefore,  tQ  be  deducted -fi^Wi  lolS^y^^ 
1^*21^  .whjdi  becbznes  16*38  wheA  n^d^se^  to  vl  tw^fMifmm' 
ature  and  pressure  by  the  foUowinff  proportions;,  .'IfiS^Stf 
1043749  ::A6'2}6  ^  1^'99,  and  29*2717  (oorr^cting.lbc^.an^^ 
expansion  of  mercury)  :  30::  15-99  ;16*38«    .  vKftin. 

The  buoyancy  of  jair  at.51^.beinff  j^reater  thjaiutt  60%  a^qplkof 
brass,  whose  weight  is  marked  I3&4.at  thelattei:  iemai^^gffit 
would  ,ait  th^.  loqner  weigh  about  0*03.  er*  kaa ;  hence  t^iH^M 
weiffht  is  less  at  5P  than  at.60^  by  0?(S  gr;^ ^  apparent  wtngitf 
is,  werefore,  tp  be  diminished  by  that,  quantity.  c ' «  ui  " 

A  bulk  of  i^ter  at  51%  equal  to  13662*6  gr.  wiU;!HaY4> 


I 


1  vrid^^'i  13564'90;  ffoiB  this  tast  htunber;  (^OSfWfS^ 
'the  HbJSo  of  water  at  W  to  =wr  at  BO"  and  \2Q»^ii. 


i^^;?;;. 827-472 ;  1,  or  thetegbottts,      T" .,         '   '   -'..  -^  '-'z 

If  ire  estimate  the  .specific  gravity  oF  bsjrgeti  at  1*T1 11 ,  md 
ibtkt  of  hydrogen  at  0*0694  (both  at  60^  and  SO^V  ^^  suppose 
water  to  be  composed  of  hydrogen  and  6xygen  -united  iti'ibii 
prd|xxtibn  of  two  vohimes  of  the  former  to  one  of  the  latter,  Jthe 
specific  gravity  827*472  wiH  indicate  the  formation  of  tra^  tp 
beeffBOted  by  the  union  of  1324  volumes  of  hydrogen  with  662 
vdluines  of  oxygen— -the  whole  condensed  into  one  vduQie,  ,the 
specific  gravity  of  which  wiH  be  827*4338.  This  comes  so  near 
the  former  determinatipn  that  I  have  little  doubt  but  the  assigned 
is^flie  i^OTitlBcty  or  at  least' very  nearly  cornet  compositioiD.  The 
spet^flc  gravity  6f  ahr  to  Vater  would  in  diis  case  oe  reprc«ettted 
by  0^00l20856& :  1 ;  and  reckoning  the  weight  of  a  cubic  inch 
of  water  at  262'526  gr.  a  cubic  inch  of  air  will  weigh  0-3061^935 
gr*  or  0*306 19  gr.  From  this  latter  number,  deducing  the  weiAts 
of  tiie  two'  component- gases,  the  con^position  of  water;  weight 
of  a  cubic  inch,  and  specific  gravity,  will  stand  thus : 

,V.     .         .       q«blc  UKhcf.  8p.Gr.  WcigUfrX^;.. 

Hydrogen./..  1324  ..: 91-8866  ........    28-04S66 

Q^jrgea^^^.r*    662  V.......  735*6482  ........  324-48)96 

;;!;::';..         I^is  .  827:4338  252-62451 

:  ''I  atn- disposed  to  think-  the  above  a  very  close  appr6ximatioB 
to  the  truth,  and  that  when  the  thermometer  stands  at  60^  xptad 
th^'bfuroineter  at  30,  vre  may  estimate  100  cubic  inch^  of  dry 
atmospheric  air  to  weigh  30*519  gr. ;  one  cubic  inch  of  distiOed 
water  252*525  gr. ;  the  specific  gravitv  of  water  to  air  as  827*437 
:  ly ^reckoning  water  as  unity  as  0*00120866  : 1 ;  from  these 
dfttft'I'will  endeavour  to  make  the  necessary  corrections  in  Sir 
GKbigei  Shiickbuigh's  experiments  on  the  weight  of  a  given 
iMfihiie'bf  water.  (Phil.  IVans.  1798.)  I  am  aware  that  the  sub* 
j^jWTlafa  been  handled  in  I*7ichols6n'i3  Journal  by  a  gentleman  of 
g^ritAJlf'ttiflities  $  md  am  the  more  confident  m  the  estimates 
ohibiiijeAhy  my  calculations,  as  they  approach  very  hear  hiM 
dSMfidnations,  and  the  numbers  to  which  Dr.  Thomson's  adop* 
tioQ  has  added  so  much  weight. 

^'  tshafl  bidy  notice  the  expMmehts  made  witii'  the  brass 
aflk^  i  in  these  the-  exp^menter  himself  seems  to  place  most 
confidence;  and  they  vrere  undoubtedly  coddiicted  wiiU|t\^ty 
litd^  habiiity  to  ^rror.  As  the  content^'  of  the  sphiefrei'seem  t6 
me  to  have  been  estimated' at  64^  Fahr.'  (thci  tem^efrjaiiure  -at 
which  the  length  of^the  bar  was  valued)  to  contain  1 13^619147 
cubic  inches,  and  its  expansion  being  for  each  degree  of  Fahr. 


MS  Mr.  Jtiee  wi«fo  Wtight  ^a  Cubic  LtA  ^  Water,  {Jtn, 

» three  millionth  paita  of  that  htSk,  it»  voluliie  «t  cettaiaitm- 
jpeiatOKB-'will  be  as  follows : 

At0O-O«  ae  113-619011  cubic  ii 

64-0  =s  113-619147 

66-0  a  113-519216 

66-4  as  113-519228 

67-0  s  113-iS19249 

68-0  :=  113-519283 


ft 


'    To  MaMe  ua  to  make  the  compensationfi  for  temperatore  vsA 
tnreisore,  we  must  observe  that  at 

66^  n  volume  of  water  equal  ihe  sphere  weighs  28683*6766 
64  ..^. 286824323 

Difference  for  04<'tihehn  • .  M40 

AndforO-l^ -2861 

Ibe  Tolome  of  air  displaced  by  the  sphere  at 

67^  and  29-74  weighs  33-87628 

67  andSO-OO 34-17166 

68  and  30-13   34-25217 

jdj^lSbreace  between  the  fiist  and  third,  welgbto^s  0*3769,  bofw^ 

the  nrst  and  second  0*3063  gr. 

Supposing  the  weight,  or  equipoise  to  the  sphere  ixx  mTi  to 
contain  13*5  cubic  inches,  it  wul  aispkce  «.t 

GraiM.  .^ 

67^  and  29-74  a  v(dume  of  air  weighing  4*0286 

68    and3013 .,..4^733     - 

60    and  30-00 .4*1200 

The  weight  wiH  thus  become  of  actually  less  value  as  a  coim- 
'terpbise  at  «8°  and  30-13,  or  at  67*^  and  29:74,.  than  at  ^!;^W 
30 ;  but  its  nominal  value  remains  constant :  vpl  the  'first  case, 
tfcW(*5Te,  0-0915,  and  in  the  second  0^0467,  is  tobeaubtw^ted, 

SirOeorge  found  th^  weight  of  the  .sphere  in  wateir.a^. 


-    06-0°  by.the  i&Est.trial .  ;...... * ,  49*8609 

66-1    by  the  second  trial  =  49*8100 

^  -<)0-2866for'0^1^ 

i49'6334 

W'4   by  dift  third  trid -.  afii49'6600 

^.    ivl464  for  0-4^ 
■•'-^ ^-   ■  48^4086 

^ean «.  49-2590 


■ 


1819.]    md  the  Spec^  Gn^t^  (f  Atfmtidkrie  Air  9^ 

Aad  tbe  w«ig^t  of  tba  san^  sphere  in  air  fit    •  .  .?  ^  ' 

VfGmffuu  -7"*' 
67°  and  29-74  by  first  trial,  . .  =  28722-6i00 

Cor.  for  error  from  buoyancy. .  —  00000*0467 


68°  and  30- 13  by  second  trial.  =  28721-8800 
For  diff.  in  therm,  and  barom.  +  00000-3769 
Error  from  buoyancy , —  00000*09 16 


28722-5933 


28722-1664 


Same,  by  third  trial 28722-1664 

Mean 28722-3080 

From  which  take  the  mean  weight  of  the  sphere 
in  water -  00049-2690 

Weight  of  a  bulk  of  )water  s=  the  sphere  at 

.6?and29-74  28673-0490 

-  00000-3063 


66   and30-00 28672^7427 

«*•    113.510215  =  262*680  is  the  weight  of  a  cubic  inch  of  distiQed 

water  at  66^  and  30.  But  as  the  wei^ts  used  were  too  light, 
when  compared  with  the  Exchequer  standard,  by  1  in  1623-92, 
that  quai^tity  must  be  deducted ;  leaving  262*4)4  gr*  s];ai;id^ ; 
^drirecting  for  expansion  of  water  0-99939  : 1 ::  262-414  :  252-568 
at  60^  and  30.  rfow  in  this  state  of  the  atmospjierei  it  displaces 
a  volume  of  air  =  0*30519  gr. ;  but  at  6ff*  and  30  s=  i>30t61  j 
/.  262*668  being  diminished  by  the  difference  0-00358,  given 
262*664  for  the  weight  of  a  cubic  inch  of  distilled  water  at  a 
mean  temperature  and  pressure.  If  we  suppose  the  water  used 
in  the  difierent  trials  to  be  a  Uttle  impure,  so  that  its  specific 
gravity  at  60^  s  1-000138,  we  shall  have  262-529  as  the  true 
weight  in  standard  grains  of  a  cubic  inch  of  the  purest  distilled 
^k^f ,  \n  a  tepaperc^e  of  .60^  and  under  a  pressure  qf  .3.0  fu. 
^fnis  nuiiibers  differs  but  veryhttle  from  262'6^6. 
''/^iThe  reason  for  pitching  on  the  number. 1*(^()138  to  (e|ffe«ent 
^e  Specific  gravity  is,  that  Sir  George  Shuckburgh,  afier  one  of 
liis  ejnperiments,  round  the  distijUied  water  used  to  weigh  at  60^ 
1*00066,  allowing  half  the  increase  indicated  by  the  hydrometer 
to  be  CBuped  by  inaccuracy  in  Hxe  instrument,  and  half  4he 
remainder  for  impurity  contracted  aubaequently  to  the  e^rpen- 
jnent,  we  shall  find  ^-000138  as  the  increase  in  specific  gravity 
to  be  corrected  for. 

In  the  commencement  of  this  paper,  I  mentioned  that  the 
number  262'626  .possessed  the  advantage  of  convenience ;  it  is 
particularly  obvious  in  calculating  th  ghta  of  any  deterpiir 

nate  volume  of  a  body,  whose  spe  'ntvity  in  relation  to 

water  we  have  given.    I  shall  juat  ftfk  oaq       of  thie  xv^ 
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nRi(m,~U  th«  ntiMirieof  the  proe«s  wiU  bo  4aiibtjfaliiBddlMti^ 

SvMOoM  we  have  the  ipeoific  en.Titir  of  biniH  .td  :mit«r:N 
8-39^:  1,  the  wei^  of  a  cubic  inch  c^  hnii  wiUfaafdimdito 
setting  down  the  Hpecific  gravity,  with  two  cyphen  muoawi 
thtee  tiinM  successively  tmaer  itself,  each  time  writing  titv-ftit 
figure  of  the  line  under  the  third  of  the  preceding ; '  A&  *Mwg 
them  together,  *^<ib  ; 


84805975800 


iht  product  is  to  be  divided  by  4,  which  leaves  2120I4S596fi'«i 
die  ngnres  composing  the  answer ;  the  comowta  ndes  for  pSB^ 
ing  off  decimals  show  us  that  the  decimal  places  are  to%e%«lpff; 
the  answer  will,  therefore,  be  2120- 1493960  gr.  It  will  also  h 
perceived,  that  from  having  tbe  weight  of  a  certain  volume  ofanj 
fubatance  given,  we  may,  oy  multiplylnfi;  it  by  four,  aid  emploj- 
iDga  very  easy  mental  operation,  find  tp,e  specific  gratity. 
,  in  ihe  synthesis  of  water,  had  the  specific  gravity  of  the  gH^iei 
snd  the  weight  of  air  been  precisely  oorrect,  the  atoni  of 
liydrogeo  would  h^ve  come  out  0*125 ;  as  it  stands,  the  difTei- 
ence IS  veofj litie.  .,,...  m..- ■  ^i: 

j^  .IV.  ■pc'i'^  gravities  here  giveq,  on  the  auj^'nl^  of  ur^Pi^ 
axn  adopted  by  Meinecke  in  his  etcechionietnc  tabl^'  of  grtl'^uel; 
indeed  the  specific  gravity  of  orygen  seems  very  well  estai>hdlie<t, 
being  just  the  qoean  of  tkose  found  by  Saussiire  and  Alleii.and 
"**«*■  ..„■■."    .    ■     -rrvH:' 


■  AftTictfi-ltf.  ■■  ■■■" ■■-■-!■-■ ----r 

Pnparatiim  and  Properties  of"  Vestium,  dnemy  discovered.  Metal, 

ByDr.VenVest,  ProfbssorofCh«tn^tryaiid  Botaalf  iijtlie 

J^HOinenm,  in  Gratz.* 

• "    ''.■■■-      '■-■■.,■::'  ■■''}. 

Tbk  nickel  ore  of  SchladTUi^,  in  Upper  SteieRB&Tk,iafflixed 
with  cobalt  pyrites,  l^ese  pyntes;  n^en  we  consider,  tbtrdie 
with  rdation  to  die  vestium,-  which  it  contains,  must  beedut- 
dered  aa  iinpuntaes,  and,  therefbrer  i^fi^  separated.  If  ii 
tma  indeed  that  the  oobalt  on  itsdf  oontwns  restium ;  but  die 
two  metals  are  very  difiScuMy  bh>  vated  from  each  -  otlier. 

The  nickel  ore  is  to-be  pijtrenzedand-thenfnsed.  Tbiefinkin 
is  necessaiy  in  ordtfto  smerate  the  metals'from  all  dieesMhR, 
eiqieoiafiy  from  lime,  which  othelnnse  wonld  pees  into  die  sob- 

•  TnvflsMrronCUbert'iADHlnidcTPbyiik,  Ui.38T|  Angwt,  ISlft  ' 
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tkiiift^^ibr'tlieoretB  veiy  frequently  muced/fritli caloareo^epiir. 
The  pounded  ore  is  mixed  simply  with  pulverized  gUsJi^'^muJ^lmt 
into  A  good  air  furnace,  and  exposed  tor  to  hour  to  a.aui^ient 
heat:  A'  heat  amoontmg  to  about  40^.  Wedgewood  wilt  be<a«0* 
cient  for  the  purpose.  .    \: 

-The^teffulns  is  pulverized  and  digested  on  a  8and4>ath  with 
nitric  acid  till  aH  extrication  of  ^  ia  at  an  end.  The  solution  is 
renewed  by  the  addition  of  a  httle  muriatic  acid.  But  as  thiv 
acid  dissolves  a  great  deal  of  iron,  and  thus  introduces  that 
metal  into  the  solution,  it  is  better  not  to  employ  it.  After  the 
solution  is  decanted  off,  an  additional  dose  of  nitric  acid  is  to 
be  poured  upon  the  residue,  and  the  digestion  renewed  till  a 
complete  solution  is  obtained.  He  green  solutions  are  now 
n^utadis^- with  carbonate  of  potash,  and  filtered.  By  this 
means  most  of  the  arseniate  of  iron  separates  as  a  white  nocl^ 
precipitate. 

Separaii&n  of  a  Part  of  the  Arsenic.  ...,.;,,  ,  . 

.    _  • 

The  neutral  solution  is  nuxed  with  acetate  of  lead  as  Ibiig'n 
any' br^JlHpiiat^  continues  to  fell,  and  the  mixture  is  left  iirtiaidiiEig^ 
for  z4  ';hoiits  in  a  warm  place.  The  arseniate  (and  muriate)  ot 
fistJBbd'isJils  to  the  bottom.  In  the  heat,  the  acetic  acid  separates^ 
ap4  iftiei^.  off;  frequently  with  oxide  of  iron.  '  * 

B'y  this  means  the  greater  part,  but  by  no  means  £he  wlKJi?^' X)F 
^e_afsem<^  is  separated.  It  the  liquid  after  becomiiig  cleJut^iA 
6^  rendered  muddy  by  the  solution  of  lead,  acQpiotui  additional 
antUititypf  that  solution  is  poured  in,  in  order  to  retiiovie^  jAe 
ipjrs.^nic  still  more  completely,  -and  the  mixtcire  ig  diot^d'^ 
remain  till  the  whole  of  the  precipitate  collects  at  the  bottdnt. 
The  clear  Hquid  is  then  drawn  off,  and  the  thick  portion  thr6^ 
on  the  filter.  As  there  ismaaHyTtn  excess  of  lead  in  the  liquid^ 
I  pour  into  it  a  portion  of  sulphuric  acid,  and  separate  the  sul- 
phate of  lead  formed  by  means  of  the  ^ter. 

<,    ^.  >:     .  Complete  Separation  of  the  Arsaiic, 

-  AQ  die  methods  hitherto  tried  by  me-  for  Be{)arating  the  arse- 
nic are  only  incomplete.  But  the  folloynng  metho£:4^^W»  to 
effect  a  complete  separation. 

V*  I  take  a  quantity  of  dry  sulpbaretitf  iibrjH^es  still  mixed  With 
charcoal  Just  as  it  is  afler  its  forn^atioil,  by  beating -.td  Dsditoss 
mdphate  of  barytes  and  diatcold  inu  cmcifaie,'  and  put  a>poHion 
of  It,  about  as  nmch  as  a  coufiie'  Of  testftglasses  witt^  bold,-'  into 
St  large  glass  vessel.  I  dien  add  "arfitoe^  water*  ind.as  mnch 
dilut^  sulphuric  acid  as  is  just  sufficient  to  neutralize  the 
barytes;    This  is  easily  found lyy  a ffwtrids..    •".  :o  ■*>"  ^  ■• 

Tnto  this  mixtmi^  I'^pour  with-rafHfiky^Tbefore  Ae^nj^hnretted 
hydrogen  has  had  tim&i;o  va  ^seape^r^e  -ffi^e^  solution 

not  yet  quite  free  frxmi  arseni  atir        whde  about  with 
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diligenoe  to  previent  the  barjrtea  from  forqmg.  ai./poFrdHi 
Iiistaatly  a  gieal  quantity  of  orpiment  fi»JUb;i:to  tbrbl^^ 
.  This. process  I  repeat  till  the  whole  of  Hm  fanesie  i8;thnm 
down.  After  the  separation  of  the  orpiinent»,.I  try 'the^  cTear 
liquid  with  water  saturated  with  sulphuretted  hydcogengos*..- Jf 
it  betrays  arsenic,  I  repeat  the  preceding  proceaa  tili  the  aulfllwr' 
etted  hydroffen  water  ceases  to  indicate  the  jHresence  oi.tiist 
metal.  The  liquid  during  the  whole  of  this  proceaa  shovU  conr- 
tain  an  excess  of  acid  in  order  to  prevent  anv  other  metal  fmm 
Ijdng  thrown  down ;  thou^  indeed  a  small  loss  of  the  athcr 
taetius  is  scarcely  to  be  avoided. 

When  the  arsenic  is  tlius  removed  and  .the  liquid  stiU.  add,  t 
small  additional  quantity  of  dry  sulphuret  of  baj^ea  91uay.be  pot 
into  it,  by  means  of  which  the  existence  of  sulphuretted  hydro^ 
gas  in  tiie  liquid  may  be  continued  for  some  tmve^ ; ,  Jbut  ih^  whok 
must  be  frequently  and  carefully  agitated  to  prevent  th^^aidplule 
of  barytes  Irom  cohering  together  in  lumps.  After  )aoma.titaie, 
the  dear  Uquid  must  be  drawn  off  and  the  reaidiue;  vi^teDed^  sad 
the  whole  must  be  put  into  a  wide  vessd  io^ii^  waim  dlaGi^lbul 
freely  exposed  to  the  air.  The  excess  of  siit^pjbuvett^^jkyda^^ 
jiartfy  flies  off,  and  is  partly  depompo^^  r  We  Jkiiow-4hBt.die 
urooess  is  completed  wnen,  some  drops  (rf  itiie  Uquid  beil^  lit 
fall  into  a  potasn  solution,  no  black^coloured  {Mrecipitftte  fidlsi. 
'  I  now  neutralize  the  solution  with  carbonate  oi  fOlMiihi  sad 
digest  it  for  some  time  in  a  warm  ^ce.  Thisihas  «.  tendeocyi^ 
separate  oxide  of  iron.  This  oxide  and  tbe«wlphur  are  4m 
separated  from  the  liquid  by  the  filter. 

Met)u)d  of  freeing  Vestiumfrom  Ific^eL     . 

I  concentrate  the  clear  solution  obtained  by  the  proceaa  abeife 
described  till  I  brin^  it  to  a  considerable  consistence^  A. salt  is 
fonned  and  swims  m  tibe  liquid  in  fine  qaedles,  like  flakes  of 
snow.  I  separate  it  by  the  niter,  wafih  it  with  cold  watec,  :aBd 
evaporate  the  Uouid  a  httle  further,  in  order  to  obtain  an-  addi- 
tional portion  01  the  sak.  I  have  obtamed  the  aame  salt  from 
some  purified  solutions  of  cobalt  pyrites  irom  the  same  mine*'  ft 
isa  salt  afve9^ifi7». 

I  now  dilute  the  greens-coloured  liquid  with  water,  decompcse 
it  by  potash,  collect  the  nrecipitate  upon  a  filter,  wash  it^  and 
dissolve  it  in  diluted  suiphunc  acid.  In  case  there  has  been 
fidded  an  e:^cess  of  acid,  I  saturate  it  with  potash^  then  I  add 
the  requisite  quantity  of  sulphate  of  potash,  and  evaporate  the 
whole  till  it  is  reduced  to  the  point  of  crystalUzing. 

The  crust  of  salt.obtained  after  the  liquid  has  become  edd  I 
wash  off  with  the  requisite  quantity  of  cold  water,  and  separate 
the  green*coloared  and  difficultly  soluble  nickel  crystals  finom^ 
white  flocks  lying  on  them,  by  agitation  in  a  glass,  and  by  genfljr 
rubbing  them  between  the  fingers,  and  I  wash  them  very  caie- 


Mty^  but  without  tenewing  tilie  water.  I  then  lay  down  th^ 
eryBtak  to  lAow  them  to  dry  ftom'a  snnll  vetidue  of  the  iofaK 
^tioft  before  diMolving  them  ag!ain« 
-  Hie  t^m  which  the  white  ftocks  nwiniy  and  whksh  is-oftm 
rendered  impure  by  oxide  of  iroa,  I  collect  in  a  giass,  and  aflel: 
4Wme  litde  agitation  decant  it  off  from  the  oxide  of  iron  at  the 
bottoMi  of  the  Tessel ;  then  mixing  it  with  more  sulphate  of  pot* 
wehj  I  evimorate  it  again,  to  free  it  still  more  completdy  from  all 
<tlie  mckel  which  it  may  contain.  The  crust  of  salt  ootmned  is 
washed,  as  before  described,  with  the  requisite  quantity  of  coM 
water.  The  cold  ley  contains  sulphate  of  vestium,  partly  in  solu-- 
tion  and  partly  swimming  in  it  in  light  flocks,  often  contaminated 
with  iron,  and  very  frequently  with  cobalt.  When  no  more 
ttickel  crystals  wSi  separate,  though  the  liquid  has  a  ^en 
colour,  it  is  a  proof  that  too  little  sulphate  of  potash  has  been 
iftsBOlved  in  it. 

The  ffreen  nickel  crystali^  and  the  salt  crusts  obtained  by  the 
^i^ve  ctescribed  processes  I  mix  with  an  additional  quantity  of 
sulphate  of  potasn,  pour  water  over  the  mixture,  and  set  it  m  a 
Wflfrm  place  so  that  the  salt  may  dissolve.  I  then  allow  the 
tt^^d  to  evaporate  to  dryness.  The  crystals  of  vestium  whidi 
^Bodated  in  tne  crusts,  and  which  are  mus  separated,  I  remove 
from  the  nickel  crystals  by  decantation.  I  treat  the  crystals  and 
the  tiquid  itgain  and  again  in  the  same  way  till  the  nickd  eiys- 
tals  aasnme  a  fine  green  colour.  If  it  be  our  object  to  obtein 
fMire  nickd  from  -Siem,  it  will  be  necessary  to  subject  them  to 
several  additional  crystallizations. 

This  is  the  way  by  which  I  separate  all  the  nickel  and  all  the 
imcombined  oxide  of  iron.  When  the  separation  is  completed, 
Ike  solution  is  colourless,  or  nearly  so.  The  vestium  is  now 
separated  frvom  it  in  the  following  manner : 

i  precipitate  the  liquid  with  carbonate  of  potash,  which  I 
ixnl  with  It,  and  then  niter.  The  scdution  may  be  hkewise  eva- 
|K>rated  to  dnmess,  and  heated  to  redness  with  carbonate  ot 
potash  in  a  silver  crucible.  It  may  be  then  boiled  and  filtered, 
iWhat  remains  on  the  filter,  being  sufficiently  edulcorated,  may 
be  dissolved  in  nitric  or  muriatic  acid.  It  is  necessary  to  bod 
the  vestium  with  the  ley  of  carbonate  of  potash.  Tins  occasions 
no  sensible  loss  of  the  vestium,  though  it  be  slightly  soluble  in 
cold  potasAi.  When  the  stdj^bate  of  vestium  is  fused  with  the 
potasn,  a  sulptraret  of  v^tium  is  often  produced,  when  the  ley 
oc^ppens  to  be  polluted  with  charcoal.  On  ilhat  account,  the 
boilmg  with  the  potash  is  preferable. 

The  vestium,  after  being  heated  to  redness  and  well  edidco- 
ittted,  is  d^ested  cold  in  diluted  mmiatic  acid,  which  scarcely 
acts  upon  it.  The  liquid  is  then  poured  off,,  and  it  is  boiled  in 
imriatic  acid,  which  dissolves  it  readflvi  "^  vestium  which 
lias  been  boiled  with  the  alkaline  ley  "dtti  'easily  in  cold 

muriatic  acid.   We  may  likewise  filter  the  i  leyoootaiiiing 
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solphate  of  vestium,  boil  the  solid  portion  with  an  alkaline  ley, 
.and  try  the  clear  portion  for  vestinm,  after  having  treated  it  wiA 
caustic  ajauDonia^  to  separate. the  iron,  and  fillend  it».^  I£  ilrbe 
green,  it  stiU  contains  some  nickel.  By  decompoaing  it  fay  pot- 
ash and  evaporatingy  we  obtain  the  oxide  of  veatium. 

Having  by  one  or  other  of  the  methods  just,  deacribed 
obtained  a^  solution  (^  vestium  in  muriatic  acid,  ^  1  eiwiniitf^ 
Aether  or  not  the  solution  be  pure  in  the  foOowinff  mannea. 
Hie  impurities  are  owing  to  the  presence  of  nickid,  cobalt, 
and  iron. 

Nickel  is  known  when  a  portion  of  the  concentrated  soluti^ 
is  precipitated  by  caibonate  of  potash,  and  the  nr^ipitsta  jp 
digestea  in  ammonia.  If  nickel  be  present,  the  ninmfpiji 
assumes  a  blue  or  green  colour ;  for  a  mixture  of  niclosl  .fpd 
▼estihm  colours  ammonia jgreen.  , .      .  v  j^^- 

The  solution  still  contains  a  great  deal  of  nickel,  whicbvjigjl 
be  known  by  the  blue  colour ;  it  must  be  decomposed  by  ,OfiSiioffr. 
ate  of  potash,  the  precipitate  dissolved,  in  sulph]mCr&4pi4.4P^ 
th^  nickel  must  eitner  be  separated  in  crystals  of  sulj^^libpf 
nickel-and-potash,  or  the  whole  being  .tlp)wn-jda|f«i-l;£^&:C|^^i^ 
ate'  of  potasn,  some  carbonate  of  ammonii^.i^  to,  t^  .[|pti;^l4;iqp!9i 
thV  precipitate ;  and  after  some  agitation,  ^th|^/^q)|jMltjla;•^ 
passed  rapidly  through  the  filter.  By  thk  .me^JU^,4i)^r:l<BMi^ 
will  be  left  troon  the  filter  mixed  with  Qiuy  a  yeiy  aina|(^p|ro|!g|^ 
ticrji  of  nickel  ^^  and  it  maybe  still  further  piyifi^  by;  i^fiwiiflfci^ 
with  hot  distilled  water.  The  dear  solution  wiui^^  p.'^^i/jfi' 
through  the  filter  contains  most  of  the  nickel;  but  it  c<Hitai|a|: 
likewise  some  vestium,  which  gives  it  a  green  colour. 

It  is  yer}^  difficult  to  free  vestium  from  colMilt.  On  , jdi#t. 
account,  it  is  advisable  to  free  beforehand  the  ore  eaiplQj^ 
from  every  perceptible  portion  of  cobalt  pyritca.  A  poicuoHHtf 
the  cobalt  mdeea  may  be  separated  by  mcians  of  carooo^tfi  of 
ammonia  in  the  same  way  as  9ie  nickel ;  or  we  may  proceed  ii^ 
this  way.  We  may  dissolve  the  vestium  containing  .cobialii^, 
nitric,  muriatic,  or  sulphuric  acid,  evaporate  to  dryneaa,  ijvf^: 
dissolve  off  the  cobalt  salt,  which  is  mucli.more  soluUe  th^Ai*^ 
other ;  but  by  this  process,  we  lose  a  portion  of  the  v^tiiim. 
But  I  am  not  at  present  acquainted  mtn  any  better  mrth^jrfi 
separating  these  two  metals  from^  each  other.  . ,  .-'.-;« 

Tbi  iron  is  detected  in  consequence  of  the.  blue  colour  w^mIi 
it  strikes  with.prussiate  of  potash.  The  vestium  may  be  befiA- 
fh»n  it  by  .ad(bng  some  nitnc  acid  to  the  muriatic  acid  solutioi^ 
heatiug  to' pero>Sdize  the  iron,  and  then  throwing  it  dpii^:lqE 
means  of  a  little '  caustic  ammonia,  and  filtrating  rapidly.  .  But 
b^  this  jyrobess,  we  lose  a  porl;K>n  of  vestium.  f  tried  to  sejMiir 
rate  th^.jroi^  by  nlea^s  of  jprussiate  of.potash:  but  the  filt^i)^. 
sdlution  t^nained  always  either  blue  or  green.  It  may  be  thrown 
dd¥^^  fioin  neutral  solutions  by  means  of  suc^pinate  of  potaihtOr. 
a  ben^ate. 


•  f,-  •      T  f" 
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it'll .:  .j<  ■-  ■  Some  Iff  ike  Prvpertiei  of  Vutiufn^  ■  ■  \-  '■'■'•-• 
■■■^Wiuia  vefltium  ias  been  piuified,  it  exhibits  Ute  following 
itopertimx.-  ■•  .'-■5.,. 

A.-~Inits  Saltu 
■■■■i.  Oxide  of  vesUumis  soluble  in  sidphtiric,  muriatic,  nitritf, 
oSd  Bcetic  adds,  and  forms  with  them  colourless  solutiDos,  har- 
ttg  &  metallic  taste,  and  yielding  by  evaporatiou  white  enuts, 
>r  Bmali  needles  like  sulphate  of  lime.  It  separates  from  all  ya» 
icids  in  white  hght  flocks,  when  these  crusts  or  n^edles^  are 
Again  dtssolved  in  water,  and  allowed  to  remain  at  test,  l^eae 
■o<^i  are  sduble  in  an  additional  quantity  of  acid,'  and  when  ibff 
Kmrd  is  heated. 

«  In  tiieae  properties-,  vestium  agrees  in  part  with  some  of  tj^ 
easily  soluble  metals  j  but  the  sdts  have  the  greatest  resem- 
Hklice,  St  least  in  the  action  of  aeveral  reagents  cm  them,  wiUl. 
the-aaltsof  lime. 

■'>^  Fniasiate  of  potash  throws  down  restium  in  milk-wbiU- 
aaeka:  "     ■    .         . 

^iH'^s'prcnierfyi  vesthim  agrees  with  seTeral  metals,  be«d«a 
(ftie'ttUifysorable  oties.  But  the  property  distinguishes  oxid* 
of 'TMtinin'  from  Ihne.  ■  ^ 

Si' Solphnretted  hydrogen  both  in  the  liquid  and  gueouf' 
■flUt  precipitates  -vestium  of  a  dark  reddUhSrown  cqlour.  Np 
^teeipitatti  falls  if  the  solution  or  the  reagent  contains  a  sli^it. 
eXMts'of  acid.  When  the' precipitate  is  separated  and  inquaiu 
tity,  it  iappears  black ;  but  when  floating  in  water,  it  has.  s 
brownish  ccdour  with  a  tint  of  red.  ThealkaliQO'bydroaulphut^ 
tfaraw  down  Testium  black. 

'  "By  tft'eae  properties,  vestium  shown  its  metallic  nature'  and  ita 
difiiMAbe  from  aQ  ouier  metals,  except  nickel  and  cobalt;  for 
beth  Aese  metals  exhibit  the  s&me  propeHies  with  sulphuretted 
hydrogen  as  vestiimi  does,  lliis  is  the  reason  why  I  coulc^  ''o^ 
by  jti^ipitating  with  mlphuretted  hydrogen,  fi^e  vestiuiin  from 
tuMe  two  metals ;  which  I  at  first  erron^iulyaBcrihcd  to  their 
gl^kiulhering  to  die  precipitate. 

■ -Ml.  Proust  indeed  has  affirmed,  and  the  statement  is  com- 
Aoaly  belieyed,  that  nickel  and  cobalt  ore  not  precipitated  from. 
their  solutjons  by  sulphuretted  hydrogen  gas.  But  the  assertion, 
iftt&en  in  all  its  generality,  is  not  correct.  The  following  seems 
to  'b6  a  correct  statement  of  the  phenomena.  Neither  of  the 
metals  is  precipitated  from  acid  solutions  by  sulphuretted 
t^drogen  gas ;  but  both  of  them  are  precipitated  by  that  ga3 
from  neutral  solutions.  But  the  precipitation  in  this  last  case 
soon  reaches  its  limit;  fbr  the  base  being  paitiaJly  separated 
from  &e  acid,  this  lost  begins  to  prcdomin^  ""^liquid;  and 
when  the  acidity  has  adronced  to  a  cej  t,  all  further 

|M«aii»tat4on  is  prerented.  ^^ 

The  precipitation  of  vestium  by  sulphnn  '.rdrogH 


360  Dr.  Vesi  <m  VeOiumi  ^!dik% 

no  means  a  duuracteristic  property  of  that  metali  bb  I  fiowiBCifer 
imagined;  but  belongs  equsuly  to  other  metals  witfa.^p^AicI 
TeatuuD  seems  readily  to  associate.  Th^  pieeipjtatte  aJT  nidtel 
and  cobalt,  by  means  of  sulphuretted  hydrogen,  Me  ^asi^^fsj 
finished  from  each  other.  The  former  is  quite  black,  and 
swims  about  in  a  diluted  solution,  like  fine  soot^  in  soft 
particles.  The  precipitate  in  a  diluted  cobalt  solution  is  reddjab* 
brown,  like  that  of  vestium,  and  the  solution  resembles  astnmg 
infiision  of  coffee. 

4.  Pure  ammonia  precipitates  vestium ;  but  an  excess,  of  that 
liquid  redissolves  the  precipitate,  and  the  s<du(ti(m  is  oolouiless. 

The  colouriess  appearance  of  this  solution  diafiiignishei 
vestium  from  nickel  and  cobalt.  However,  as  by  very  pest 
dilution  we  may  obtain  colourless  solutions  of  both  &oae  metals, 
the  proof  is  onW  of  weight  when  we  attend  to  the  conoentraliiii 
of  the  liquids.  If  the  vestium  solution  be  very  much  concentratedyil 
assumes  a  yellowish  tinge  with  ammonia;  and  if  nickel  bepfeseaty 
it  assumes  a  greenish  tinse  ;  but  it  never  becomes  blue.  I  lodg 
ascribed  this  colour  to  the  presence  of  iron  ;•  but  I  now  befieva 
that  my  opinion  was  erroneous,  and  that  vestium  itsfdlfy  wkcin 
vsiy  concentrated,  has  the  property  of  tinging  ammonia;  ydbir. 

6.  Carbonate  of  ammonia  throws  down. firm  muriate  of  ves* 
tium,  even  when  it  contains  an  excess  of  caustio  ftyn»»n"^f^  a 
snow-white  powder.  This  powder  does  not  become  eofewed, 
either  by  agitation  or  by  longer  digestion ;  nor  does  any  aoisiUs 
change  take  place  in  the  heboid ;  out  s(»ne  oxide  of  vestium  (is . 
dissonred  which  is  only  partially  precipitated  by  rest  or  ev8^ 
ration,  but  conqdetely  when  carbonate  of  potash  is  added  and 
the  liquid  evaporated. 

Caroonate  of  ammonia  scarcely  occasions  any  precipitation  in 
sulphate  of  vestium.  Oxalate  of  ammonia  precipitates  the  dis* 
solved  vestium  firom  none  of  those  solutions  in  carbonate  of 
ammonia. 

The  phenomena  exhibited  by  the  suTphuric  acid  solution  hare 
some  resemblance  to  those  exhibited  by  lime ;  but  the  solubijit]^ 
of  the  oxide  of  vestium  in  carbonate  of  ammonia  conqpletelp 
destroys  the  similarity.  We  see  that  vestium  cannot  be  com- 
pletely precipitated  from  its  solutions  by  carbonate  of  n«r"ff^^i 
and  not  at  all  from  its  solution  in  sulphuric  acid.  Indeed,  X 
we  employ  a  very  considerable  quantiW  of  the  carbonate  of 
ammomiB^  we  may  obtain  a  complete  solution  of  the  vestium ; 
and  solutions  of  vestium  may  in  this  way  be  examined. 

6.  Carbonates  of  potash  and  soda  precipitate  the  vestium  in 
theistate  of  a  carbonate ;  but  the  alkan  retains  a  portion  in  sota- 
tion,  which  is  in  part  precipitated  by  boiling.  If  the  lef 
be  crystallized,  crystals  are  frequently  obtained  c<Mitaining 
vestium. 

7.  lime-water  precipitates  the  vestium  in  li^it«white  floclok 
(ITOTided  there  be  no  ammonia  in  the  solution.    Sul|ihurettea 
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MViroMn,  wsterbehigiiow  added,  occasions  no  further  alteration 

d'theliqtid. 

'  '81.  Catistie  alkaKes'  likewise  precipitate  vestitim,  and  sidpliiil^ 

jtted  hydrogen  scarcely  colours  the  precipitate ;  but  if  an  acid 

>e  |>oured  in,  the  colour  becomes  brotm. 

9.  A  solution  of  common  pure  borax  occasions  no  predpitttte 
in  diluted  Testiuin  solution ;  tmt  sulphuretted  hydrogen  tteows 
dtoi^vn  the  vellum  in  that  case  likewise. 

As  borax  contains  an  excess  of  soda,  I  did  not  expect  tiUlli 
result,  and  it  is  difficult  to  account  for  it.  Probably  tfie  degree 
of  concentration  of  the  solution  has  «n  influence  upon  it. 

.10.  Tincture  of  nutgall  throws  down  from  the  sulphuric  and 
muriatic  solutions  of  Testium  a  very  small  quantity  of  a  white 
salt.     From  diluted  nitric  acid  solution^  it  throws  down  nothii^, 

II.  Ottdelte  of  potash  throws  dowh  a  copious  white  preciu- 
tite. 

112^  The  succinates  trouble  the  solutions  of  vestium  <miy 
Feebly. 

13.  The  precipitate  of  vestium  by  sulphuretted  hydrogen  dis* 
Kcdvefir  wil^  effervescence  in  nitric  acid. 

14.  Phosphate  of  soda  throws  down  vestium  white. 

'15.  A  plat6  of  zinc  left  for  sdme  days  in  a  solution  of  vestiutn 
throws  down  white  flocks. 

'I  conceite  that  the  experimexxts  here  stated  are  i^uffici^ht  to 
deiumtttratie,  that  a  peculiar  metallic  substance  exists  in  tUi' 
solutions.  The  colourless  solutions,  the  white  salts,  their  aoM- 
biMty  in  water,  the  relation  of  these  solutions  to  sulphuretted 
hydrogen  and  t6  ammonia,  the  white  precipitates,  the  beings 
thrown  down  by  zinc — all  these  properties  characterize  this  body 

'bpeCidiar  metal  differing  from  every  other  hitherto  known. 


Sy  rest  and  evaporation  vestium  separates  itself  from  solu- 
tions; as  we  have  seen>  in  white  flocks,  similar  in  appearance 
to^  fitte;^  mashed  paper.  Acids  do  not  dissolve  these  flocks  so 
ea^f^'^ikfr  th^y  do  newly  precipitated  carbonate  of  vestium.  I 
CoiiiMude  froth  this;  tmt  vestium  combines  with  tWb  different^ 
dpsefe' of 'oxygen;  for  in  the  preceding  respect,  its  propertiii 
reisec^tile  those  of  salts  of  iron  and  tin.  .  .   ^ 

.It  deserves  attention  that  the  brides  are  "disfin^t^dshltbte* 
according  to  the  medium  in  Which  they  are  fdVitk^a.  leitiij; 
mercury,  cobalt,  and  nickel,  wheiS  they  uiiite  with  acid^/  ha^ 
obvio'o^sly  a  different  degltee  of  bitidisemeht  frdhi  thaif  which 
exists  in  the  oxides  formed  inthfe  air,-orwh^^they  unite  wftBt^ 
alkalies.    The  bodies  with  which  they  uAit^  uAdcmbtedfy'  altc*' 

of  theif  0X1%^.    Tlie  oxid^i^fr  ^trtllead" 


the  proportion 

are  in  salts  undisputably  wHite,  and  not  colours  die  tas^'^ 

with  thfeit  <ysSdes  fohhed  in  the  air.    €r>bai:  i^e  a 
oidde,  as  it'  gives  that  bolotrf  to-  adids;  And:  tB&  :w 
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iMow,  peculiar  to  it;  but  the  oxide  of  cobalt  fonned  ia  tlia  lir 
is  not  red.  I  believe  that  the  oxides  of  metals  formed  in  die  air, 
id  acids,  and  in  alkalies,  may  be  distinguished  from  each  other. 

AH  the  oxides  of  vestium  are  white,  as^ia  the  case  wKh  the 
oxides  of  antimony  and  zinc.  Their  colour  is  not  altered  bj 
exposing  them  to  a  red  heat,  when  they  are  quite  free  from  mix- 
ture.   A  mixture  of  cobalt  or  nickel  makes  them  blackish. 

'Borax  is  not  coloured  by  oxide  of  vestium ;  but  becomes  often 
dull  and  opaque ;  because  it  dissolves  the  oxide  of  this  metal 
with  difficulty.  The  oxide  of  vestium  when  fiised  with  salftpetare 
remains  white.  After  being  strongly  heated  to  redness,  it  ii 
with  difficulty  affected  by  acids. 

C. — Reduction  to  the  metallic  State* 

I  have  attempted  in  vain  to  reduce  oxide  of  vestium  by  nm^ 
mixing  it  widi  charcoal  and  heatins ;  though  I  exposed  it  to  me 
temperature  successively  of  60^,  10^,  and  HO^,  of  Wedgewoofi 
pyrometer.  The  oxide  came  out  of  the  furnace  simply  aggluti- 
nated, and  had  the  appearance  of  pumice. 

I  then  added  a  mixture  of  borax,  porcelain,  earth,  and  41lU^ 
to  assist  as  a  flux,  and  exposed  the  oxide  to  a  heat  oi  12(r 
Wedgewood.  The  flux  united  with  the  oxide,  and  fonned  an 
opaque  milk-white  glass. 

But  when  oxide  of  vestium  is  mixed  with  arsenic,  it  is  reduced 
at  a  moderate  tem{>erature.  The  small  regulus  had  the  APPjev- 
ance  of  iron,  was  brittle,  and  had  a  fine  granular  texture,  nhen 
dissolved  in  nitric  acid,  and  freed  from  arsenic  and  all  other 
metals  with  which  it  was  mixed,  it  gave  the  white  salt  which  I 
had  previously  obtained  from  the  ore. 

The  peculiar  ore  of  vestium  is  unknown  to  me.  In  the  nickel 
ore  of  Schladming,  which  is  of  a  very  compound  nature,  it 
seems  to  be  only  mechanically  mixed ;  tor  the  proportion  of  it 
obtained  in  different  trials  was  very  different. 

Some  additional  Experiments  on  the  Reduction  of  Vestium. 

I  took  the  white  flocks  separated  by  dotation  from  the  nid^el 
crystals,  and  digested  them  for  24  hours  in  carbonate  of  potasht 
Though  by  this  process  I  by  no  means  succeeded  in  separating 
the  whole  of  the  sulphuric  acid,  1  made  the  following  experiment 
with  the  white  matter  that  remained.  After  filtration  and  ednl- 
Goration,  I  put  the  flocks  into  muriatic  acid,  and  poured  into 
the  liquid  an  excess  of  carbonate  of  ammonia,  to  remove  any 
nickel  which  might  be  present.  I  then  triturated  the  white  mass 
with  half  its  weight  of  oxide  of  arsenic  and  a  little  charcoal,  put 
the  mixture  into  a  charcoal  crucible,  which  I  enclosed  in  a 
beaaian  crucible  surrounded  with  charcoal  powder,  and  exposed 
it  for  an  hour  to  a  heat  between  60^  and  70^  Wedgewoo^.  A 
part  only  of  the  mass  was  reduced  to  areeulus,  which  had  under- 
pme  complete  fiusion.    The  remainder  formed  a  whitish,  very 
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bavd^  1Ksi9Mkir  b$dijr,^itk  aa^Ha^rthy  frcicturei  which  was  a  fosed 
liixttre::^:S|^pkur£|t  Qji^l^  ^ 

fitS^^Mfi^gykf^'.  WifPgjidj^PQityed'ii^  i^trip  acid^and  eyapQrat^d.to 
||rj||9ll6f$ave  ayeUowkhjp^wder^rillik  being  boiled  in 

E^ui^tic/:  acid  disaolv/ed  mtlv  difficulty,  and  formed  a  yeilQw* 
Qiolcflip^d  Jiqiiid,.  wbiph  coatained  inmi  .although  I  had  not 
^bsery^;  th^  pr^^ne^  o{  that  metal  j^jtefpre-the  reduction.  ,The 
lilliiid  w^s  precipitated  by .  carbooateLot'  ammonia ;  alons  \vit&  the 
aon  ther^  i<^  4»good  deal;Oi  wbitei  slii^^^y  carboaate  oi  vestium. 
[She  .feUQQinoaia  was  hhushp. .  Vc^tium^.  .over  which  nitric  acid  is- 
txnledtp  dryness,  becomes  with  difficulty  soluble  inacids^.and 
seems  to  be  converted  into  another. oxide »  .  .  .;  . 

A  portion  of  the  regulus,  which  i  dissolved  in  nitoo^muriatic 
icid  and  preoipitaied  %  caustic  ammonia,  gave  me  a  rose  red 
h^J^tioiii  tfmd  o^de'  pf /iron  remained  on  tlie  filter.  When  the 
ilBid'iSoiutiop  yyas  evaporated,  there  remained  a  white  residuum 
(tqipurectby  .cfob^'  which  was  not  again  completely  sdUible,  but 
ba0>^.wlat«t:iaai^  ting^  ctlightly  red  by  cobalt.  This  residiue 
being  separated  from^a. solution,  it  was  dissolved  in  muriatic 
9^,^  e!rapqvfKti^  till j white  flocks  fell,  which  were  separated  from 
Cb;4  OQha&^ilolution  by^dectotation.  These  white  flocks  became 
l^rCMm-wl^i^- treai^^d  :Wi!t^  sulphuretted  hydrogen  water.  The 
oxide  of  vestium  could  not  be  precipitated  from  the  ammoni^cal 
9otoioii  by  parbonate  of  p<Hash ;  probably  because  the-j^xpess  of 
anMfotania  preveuted  :the  precipitate  from  appearing.  ... 
>j:J(SlK)ikd  the  vj^hite  |iocks,  separated  &om  tliQ  green,  nickel 
Gi^tiib  bydecantatioQ,  in  muriatic  acid,  filtered,  ai|d  deepip- 
pisied  the  dear  solutioa  by  means  of  caustic  amKapuia^  Ji^e 
ammoniacal  solution  was  greeni$h.  Carbonate  of  pptash- beu^ 
dropped' into  it,  a  white  precipitate  fell,  which  I  collected/on  a 
filter,  f 'and^  washed^  I  evaporated  the  ammoniacal  solution, 
poured. sulphuric  acid  intD:it,  fmd  set  it  aside  to  crystallize,  in 
order  to  obtain  the  oxide  of  vestium  which  it  still  co^tained^ 

The  precipitate  on  the  filter,  when  dried,  was  a  fine  white 
powder  wth  a  shade  Of  blu6.  '  It,  thenefbre,  contained  cobalt 
Mfhieh  had  been  precipitated- from,  the  ammoniacal  solution  by 
the- potash.  I  rubbed  tlus  powder  with  an  equal  volume  of  white 
IMVecaCr  and.  with  fom*  times  as  much  black; flux,  put  it  into  a 
iQflieibte^  apd  exposed  it  to  the  temperature  of -70°  Wedgewood 
fiBMB'an  hour.  1  obtaijaed  a  metallic  button.  On  dissolving;^s 
biittte-in  nitro-muriatic  acid  and  evaporating  the  solution^  th^re 
xemained  a  reddish  c^ust  of  arseniate  oi  cobalt.  I  softeiiie^fit 
wiiii  water,  digested  it  for  some  hours  in  muriatic  acid,  ai|d.(}^n 
wyu^hed  it  out.  Thei%  now  remained  behind  a  white  gelatinises 
mass,  wUich,  being  fused  with  borax,  cpmmunieated  nc^cplovif'^ 
Jt.  thus  appears. that  there  was  in  the  regulus,  besidesi  ^b^^o)^, 

'■    ^        ■  ,.      -         ;   :  :■■      ^  .    •'  :   ..is  flL    ■■..:  r- 

r,'^  >.  iriMtiti-onglycoitotaaM  «b|^UtiaiMiiA«ddsolftliiOi'(iIlWk«itbe 

i^A  b^.€^pbi«re  totasK^  J  OtC  .*jCr.,,«dBAAi ;.'.  r^*diqm   .'  :^C0> 
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ttnotber  sobstance,  which  fonned  white  flocks^   «ad  did  not 
communicate  any  colour  to  borax  (therefore  vealram). 

I  dissolved  a  portion  of  the  impure  regalua,  firet  obtained  fien 
the  ore  in  nitric  acid,  and  without  freeing  it  from  the  aneniil^  \ 
precipitated  by  potash.  The  precipitate  was  cHssoired  lA^ 
phuno  acidy  sulphate  of  potash  was  added,  and  the  licpodmiS' 
Drought  to  the  aegree  of  concentration  reqmsite  to  yield  ciyvteb. 
The  nickel  crystate  were  at  first,  as  was  usually  the  case,  veiy 
light  green ;  but  by  repeated  solutions  and  GrystayizatioBS>  tkey 
became  darker  ana  darker,  because  more  of  the  white  onde  of 
▼estium  was  separated  every  time  it  was  crystallized.  The  white- 
flocks  obtained  by  all  these  processes  I  mixed  with  svdjAate  of 
potash,  and  again  evaporatea  to  separate  the  nickel  stdl  more 
completely.  I  then  digested  it  with  sulphate  of  potash,  filterei^ 
and  reduced  the  oxide  in  a  good  wind  nimace  with  coHimoatilt 
and  chwrcoal.  The  regulue  which  I  obtained  had  a  vefy  te 
granular  fractiure,  was  very  brittle,  imd  its  firacture  ^owed  a  veqp 
white  colour.    By  exposure  to  the  air,  it  soon  lost  its  lustre^ 

I  dissolved  a  portion  of  this  regulus  in  nitro-rniuiatie  aoid^  aoi 
*  decomposed  a  portion^  of  this  green  solution  (for  nickel  hast 
very  strong  colouring  poviFer  upon  acids)  by  potash.  I  dissdvet 
file  white  precipitate  in  sulphuric  acid,  added  a  portion  of  sid* 
phate  of  potash,  in  order  to  separate  the  nickel  hj  cry^tallizatiei^ 
and  washed  the  salt  fonned  in  cdd  water.  The  white  floob, 
which  rendered  the  solution  muddy,  were  separated,  and  decoflh 
posed  by  carbonate  of  ammonia  added  in  excess.  By  tUs 
means  I  obtained  a  fine  white  precipitate ;  and  the  amaoniv 
was  but  sightly  coloured.  Thus  I  procured  Testium  mer^ 
in  combination  with  arsenic  (for  that  metal  had  not  been  sepa- 
fated).* 

The  iron  is  sometimes  of  very  difficult  separalioii,  aoaaetimes 
it  is  easily  got  rid  of.  This  diversity  seems  to  depend  upon  the 
different  portions  of  iron  contained  in  the  ore  under  examinatioii. 

One  portion  of  the  vestium  may  be  easily  purified,  by  dissolv- 
ing the  carbonate  in  nitro-muriatic  acid,  evaporating  to  dryness,, 
ana  washing  the  dry  mass  with  water.  The  dry  residue  (subimt- 
liate  of  vestium)  is  tolerably  pure,  or  at  least  may  be  made  » 
by  a  second  evaporation  witn  muriatic  acid.  But  a  great  derf 
of  vestium  remains  in  the  solution  along  with  iron,  nickel,  and 
cobalt.  These  experiments  are  not  always  equally  succ€«sfiil. 
The  solution  may  contain  arsenic  or  not :  when  the  arsenic  i» 
entirely  removed,  the  oxide  of  vestium  cannot  be  reduced  to  the 
metallic  state. 

I  tried  to  decompose  by  carbonate  of  potash  a  solution  of  the 
impure  regulus,  after  1  had  mixed  it  with  sal  ammoniac.  The 
solution  was  at  first  blue  from  the  nickel  which  it  contained ;  but 
it  soon  changed  into  green.    A  white  precipitate  feU,  which 

*  Another  time  I  precipitated  the  yolntion  by  acetate  ofleMi,  eYpectiuf  iaTAiB 
tQ  leparatc  tbeancnic  by  that  way  and  get  the  vrttiiiBi  pure. 
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resembled  vestium.  The  green  ammoniacal  ley  being  neutralized 
with  sulphuric  acid  and  evtpoit^d,  tet  fall^  besides  nickel  crys- 
tels,  flocks  of  vestium.  As  these  appeared  after  the  solution 
Kttd  stood  some  daysy  I  conceive  it  to  be  tibe  vestium  and  not  th^ 
oxide  of  iron  wliich'  cha:nges  the  blue  colour  of  B,n  ammoniacal 
solution  of  nickel  into  green;  for  the  iron  separates  itself  much 

6.  Method  of  determining  the  Presence  of  Vestium  in  Ores. 
We  can  d^tdnnine  the  presence  of  vestium  in  oresf  thretf' 

1.  The  ore  fttB6d  into  a*  regulus  is  to  be  dissolved  in  ilitio- 
^trariatic  aCid,  fltnd  the  arsenic  separated  by  thi^  process  tfbove^ 
diteCiibed.  Decompose  the  solution  freed  from  arsenic  by  cauls- 
fS6  aibmonia  not  in  a  state  of  too  great  concentration,  and  afiet 
filtering,  add  to  the  liquid  carbonate  of  potash.  If  Vestium  be* 
present,  it  sepaitetes  altogether  in  the  i^tate  of  a  white  precipitiite.' 

2.  Or  the  flmimoniacaf  solution  may  be  decomposed  1^  oxalate 
bf  pbibuah,  which  throws  down  the  vestium.  if.  on  the  oAteir 
YstaxA,  carbonate  of  ammonia  be  poured  into  the  SOlu^on,  the' 
i^tium  is  not  precipitated. 

3.  Or  withotzt  freeing  the  muriatic  solution  from  ais^nio,  we' 
iftiay  pass  a  stream  of  sulphuretted  hydrogen  gas  through  it  ai' 
\xmst  as  &  precipitate  continues  to  faH.  This  precipitate  lM^mg> 
Dcmedled  and  heated  is  very  easily  reduced  mto  the  ni^tiallic' 
sftate.  Dissolve  the  residus  m  nitric  acid,  and  treat  the  solution 
utt  the  way  above  described ;  or  Ac  metal  may  be  tkfown  dowA' 
by  carbonate  of  potash,  the  precipitate  be  redissblVed  in  sUl- 
pnimc  acid,  decomposed  by  ammoma  or  potash,  and  evaporate. 
in  short,  we  must  proceed  as  in  the  preparation  of  vestium  abOv^ 
described. 

Appendix  by  the  Editor. — It  is  evident  from  the  preceding 
paper;  that  Dr,  Vest  has  never  obtained  his  new  metal  free  firom 
mrsenic,  nickel,  and  cobalt.  Hence  the  experiments  of  Mr«' 
Faraday  and  Dr.  Woliaston  (Royal  Institution  Journal,  yi.  112) 
caimot  be  considered  as  sufficient  to  inyahdate  the  existence,  of 
the  substance  called  vestium  by  Dr.  Vest.  If  his  account  ot 
that  substance  be  accurate,  of  which  it  will  not  be  in  our  power 
to  judge  till  the  nickel  ore  of  ScMadming  is  examined  by  somQ^ 
>tl|er  person,  it  is  obviously  different  from  every  other  metal 
flrith  wnich  we  are  at  present  acquainted. 
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Article  IV. 

On  the  Antkrazothionof  Von  Grotthuss,  and  on  Sulphmrettti 
Chyazic  Acid.    By  R.  Porkett,  Jim. 

The  new  name  which  M.  Grotthiiss  lias  given  to  this  acid,  h* 
informs  usy  was  in  consequence  of  his  discovering  that  the  name 
of  sulphuretted  prussic  acid,  which  in  (rermanj  had  been  sub- 
•tituted  as  a  synonyme  for  sulphuretted  chyazic  acid,  was  not 
appUcable;  as  he  had  ascertained  by  his  experiments  that 
altnou^h  it  contained  the  same  elements  as  prussic  acid,  y^ 
they  did  not  exist  in  it  in  the  same  proportions,  and  that  natoei 
prussic  acid  nor  cyanogen  as  such  exist  in  it*  I  trust,  however, 
to  be  able  to  prove  to  chemists  that  this  assertion  is  exceedingly 
erroneous;  and  that  consequently  no  such  reason  exists  tor 
adopting  the  new  term  recommended  by  M.  Grotthuss. 

Besides  new  naming  a  substance  already  known,  M.  Grot- 
thuss has  given  the  name  of  anthrazothion  to  a  principle  which 
is  not  known,  but  which  he  conceives  to  exist  in  some  sulphor- 
etted  chyazates,  although  he  acknowledges  that  he  has  notbeea 
able  to  isolate  iti  It  will  be  time  enough  to  consider  the  pro- 
priety of  this  name  when  the  principle  itself  has  been  obtained ; 
m  the  mean  time  it  will  be  useful  to  look  a  httle  into  the  argii* 
ments  and  suppositions  on  which  its  existence  is  defended. 

In  examining  the  suppositions  which  M»  Grotthuss  makes  in 
order  to  admit  the  existence  of  anthrazothion,  it  appears  that 
having  concluded  the  sulphuretted  chyazate  of  protoxide  of 
copper  to  be  a  compound  of  anthrazothion  with  metallic  copper, 
he  explains  its  formation  when  sulphuretted  chyazate  of  potash 
is  poured  into  a  mixed  solution  of  a  salt  of  peroxide  of  copper 
with  a  disoxidizing  body,  by  supposing  that  the  disoxygenatmg 
substance  combines  with  ^tn  of  the  oxygen  of  the  peroxide,  and 
that  the  remaining  -f-ths  combine  with  and  separate  the  hydrogen 
from  the  sulphuretted  chyazic  acid,  converting  it  to  anthrazo- 
thion, which  unites  to  the  reduced  copper;  he  further  supposfes 
that  the  water  formed  from  the  oxygen  of  the  copper  with  the 
hydrogen  of  the  acid  enters  into  the  new  compound,  which  ht 
consequently  terms  an  anthrazothionhydrate. 

A  very  simple  experiment  will  suffice  to  show  the  fallacy  of 
these  suppositions.  Let  the  sulphuretted  chyazate  of  protoxide 
of  copper  be  decomposed  by  a  solution  of  potash,  sulphuretted 
chyazate  of  potash  will  then  be  formed,  and  protoaride  ^f  copf^ 
will  remain ;  now  if  the  decomposed  salt  had  been  a  compound 
of  anthrazothion  and  copper,  me  water  present  must  have  fiur- 
nished  hydrogen  to  the  anthrazothion,  and  oxygen  to  the  copper; 
but  as,  according  to  M.  Grotthuss,  anthrazotnion  combines  widi 
three  atoms  of  hydrogen,  it  must  detach  an  equal  number  of 
atoms  of  oxygen  from  the  water ;  two  of  these  atoms  of  oxygen 
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'would  combine  with  the  metal  and  convert  it  to  peroxide,  and 
the  other  atom  must  escape  as  gas ;  but  as  in  me  process  no 
peroxide  is  formed,  nor  any  oxygen  gas  liberated,  it  is  very  cleai 
that  the  compound  cannot  be  such  as  M «  Grotthuss  conceiyes 
it  to  be,   "' 

M.  Ghrotthuss  asserts  that  this  compound  ^'  contains  a  notable 
quantity  of  water,  though  Porrett  affirms  the  contrary : "  this 
quantity  he  afterwards  states  at  ^th  of  its  weight.  I  did  certainly 
affirm  the  contrary ;  and  having  since  repeated  my  former  expe- 
riments, I  now  reaffirm  it ;  however,  I  oy  no  means  intend  to 
assert  that  no  water  can  be  formed  when  it  is  heated  so  highly 
as  to  be  decomposed  ;  for  as,  according  to  my  experiments,  its 
acid  contains  an  atom  of  hydrogen,  and  its  oxide  an  atom  of 
oxygen,  it  follows  that  an  atom  of  water  should  in  that  case 
be  produced  which  did  not  pre-exist  as  water  in  it :  the  weight 
bf  this  water,  however,  woula  not  exceed  -ySyth  of  the  sulphuretted 
ch^azate,  and  would  only  amount  to  about  half  the  quantity 
wmch  M.  Grotthuss  procured.  I  can  onlv  account  for  the 
remaining  half  on 'the  supposition  that  he  had  not  sufficiently 
freed  by  .lixiviation  the  sulphuretted  chyazate  which  he  em- 
ployed nrom  adherent  salts  which  would  surrender  their  water  of 
crystallization  when  heated. 

The  arguments  used  by  Von  Grotthuss  to  induce  a  belief  that - 
the  copper  exists  in  this  compound  in  the  metaUic  state  are  the 
following: 

1.  That  by  the  action  of  heat  upon  it,  a  peculiar  gaseous  body 
separates  with  a  particular  smell,  which  M.  Grotthuss,  both 
from  the  analogy  of  cyanogen  and  because  it  is  absorbed  by 
ammonia,  and  then  strikes  a  blood-red  colour  with  solutions  of 
iron,  considers  as  anthrazothioh. 

2.  That  after  the  action  of  heat  there  xemains  a  sulphuret 
which  contains  the  copper  in  the  metallic  state. . 

3.  That  it  is  nearly  msoluble  in  muriatic  acid,  whilst,  on  the 
contrary,  the  alksdine  sulphuretted  chyazates  are  very  soluble 
Uierein. 

4.  That  during  the  combination  of  sulphuretted  chyazic  acid 
with  easily  reducible  oxides,  the  former  must  undoubtedly  reduce 
the  latter,  because  its  carboti,  sulphur,  and  hydrogen,  are  each 
capable  of  reducing  such  oxides. 

6.  That  at  the  instant  when  it  is  forming  in  a  mixture  of 
acetate  of  copper  and  alcohol,  a  brown  colour  is  perceptible, 
which  disappears  when  it  is  completely  formed. 

TTie  insufficiency  of  these  argimients  for  the  purpose  for 
which  they  are  advanced  will  appear  from  the  following  obser- 
vations : 

1.  What  M.  Grotthuss  conceives  to  be  a  peculiar  piseous 
body,  and  which  he  con  '  »s  arithrazothion,  I  have  found  to 
be  only  a  mixture  of  gv  'pours,  principally  consisting  of 

9,  compound  of  sulphur'  i<^;^         abling  that  formed 


when  cyanogen  and  sulphuretted  hydrog^ni  i^  ^''K^^  ^^(I'^i 
ft'also  contains  azote  and  snlphuret  of  carbon^  t|ije  latter  r^ujjily 
distin^shable  by  its  peculiar  smeU^  luid  sp^t|m€;8  9.  Ifi^i^ 
quantity  of  sulphuretted  chyazic  acid  comes  9yer  with  1^  ut- 
tered. From  10  gr,  of  sulphuretted  chyazate '  of  copper,  1 
pbtained  about  two  cubic  inches  of  this  mixture  of  gas  and 
vapour  over  mercury ;  but  this  diminished  considerately  in  bif)^ 
as  the  vapour  condensed,  the  surface  of  the  qgiercury  at  the  sarnie 
time  becoming  tarnished ;  and  there  remained  after  the  ifctiqa 
of  an  alkaline  solution  only  about  half  a  cubic  inch  of  azote, 
tlie  same  quantity  of  sulphuretted  chyazate,  when  previbnstjf 
mixed  with  half  its  weight  of  copper  (in  that  state  of  minute 
division  in  which  it  is  precipitated  &om  its  solutipns  by  iron) 
gave,  on  the  appUcation  of  neat,  about  three  cubic  inches  of 
permanent  gas,  which  was  cyanogen. 

2.  The  sulphuret  left  behind  containing  the  metal  in  the 
pietalUc  state,  is  nothing  more  than  what  should  occur  conn- 
dering  that  the  oxygen  in  the  protoxide  is  only  in  the  proportion 
necessary  to  form  water  with  the  hydrogen  of  the  acid ;  it  the^r^ 
fore  follows,  as  I  said  before,  tnat  when  the  compoui^  is 
decomposed  by  heat,  water  must  be  formed,  and  the  njetj^ 
reduced  ;  but  it  does  not  follow  that  the  metal  was  in  this  state 
before  that  decomposition  takes  place. 

3.  The  little  solubiUty  of  sulphuretted  chyazate  of  copper  in 
muriatic  acid  will,  I  apprehend,  be  thougnt  a  very  inadfequ^te 
proof  that  it  contains  the  copper  in  the  state  of  metal,  when  it 
f  s  considered  that  oxalate  of  copper  has  also  very  little  solubili^ 
^n  this  menstruum,  and  yet  it  contains  the  copper  in  the  state  of 

,  peroxide ;  and  that,  on  the  other  hand,  cyanuret  of  merciiiTi 
which  contains  the  metal  in  the  metallic  state,  is  very  soluble 
therein. 

4.  With  respect  to  the  argument  that  the  carbon,  hydrogen, 
Sec.  of  the  sulphuretted  chyazic  acid  i^ust  undoubtedly  reauce 
the  easily  reducible  oxides,  I  conceive  it  will  be  su£|cient  answer 
to  state  that,  if  there  were  any  truth  in  this  remark,  the  acetates 
of  silver,  mercury,  and  copper,  with  a  variety  of  similar  salts, 
could  have  no  existence. 

6.  With  regard  to  the  brown  copper  colour  lyhich  a  mixture 
of  acetate  of  copper  with  alcohol  momentarily  {^sumes  whea 
sulphuretted  chya^iate  of  potash  is  added  to  it,  I  can  assert  that 
the  mixture  becomes  indeed  broyni,  but  presents  no  metallic 
appearance  ;  the  colour  is  exactly  similar  to  that  of  protomuriate 
of  copper  when  it  contains  a  fitde  permuriate;  it,  therefore, 
inerely  indicates  the  presence  of  protoxide  in  the  solution,  but 
not  that  of  metallic  copper. 

Jla-viug  thus  shown  that  no  grounds  exist  for  considering 
9ul|>huretted  chyazate  of  copper  as  an  anthrazothionhydrateTl 
ifball  now  show  its  real  compoiSition. 

Jn  an  experiment  detailed  in  my  paper^  on  the  nature  of  the 
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tfi|iie  pnniMtes,  in  the  Phflooophical  Transactions  for  1814^  I 
flteted  tiiat  from  five  gr.  of  sulphuretted  chyazate  of  copper, 
daoon^med  by  nitric  add,  I  liad  obtained,  ny  means  of  iron, 
2*82  gr.  of  metallic  copper,  which,  reckoned  as  protoiide,  is 
equa^  to  3*173  gr.  or  to  63-44  per  cent. 

Tbave  since  found  that  this  determination  \vas  not  quite  aocii-» 
rate,  iStae  quantity  of  copper  having  been  overstated  by  about  ^ 
of  a  grain ;  the  true  quantity  is  2*45  gr.  equal  to  2*75  of  protox- 
ide, or  to  55  per  cent.  Therefore  sulphuretted  chyazate  pf 
protoxide  of  copper  is  composed  of 

Acid 46  73-94  ==  1  atom 

Base 55  9O00  =  1  atom 

100  163*94  »  1  atom 

la  the  sune  pap^  it  will  be  seen,  that  by  acidifying  the  suU 
pbur  in  five  gr.  of  the  above  compound,  and  adcung  a  salt  of 
bliytes,  I  had  obtained  8*86  gr.  of  sulphate  of  barytes  represent* 
W%  1*30  gr.  of  sulphur ;  on  repeating  this  experiment  with  aU 
fcaiaginaM^  care,  I  have  obtained  about  -fth  of  a  grain  more,  the 
quantity  being  9  gr.  equal  to  1*22  sulphur.  Von  Grotthuss,  who 
also  repeated  this  experiment,  obtained  only  8*1  gr. ;  but  he  has 
certainty  underrated  it. 

Now  as  5  gr.  of  this  compound  contain  1*22  gr.  of  sulphur, 
100  must  contain  24*4,  and  this  deducted  from  45,  leaves  20*6 
gr.  as  the  weight  of  the  other  constituents  of  the  acid  in  100  gr. 
of  the  sulphuretted  phyazate.  These  other  constituents  I  have 
long  since  stated  to  be  the  elements  of  prussic  acid  in  the  propor** 
tions  in  which  they  exist  in  that  acid ;  and  notwithstanding  Von 
Qrotthuss's  denial  of  this  statement,  I  must  be  allowed  to  per- 
Ipiat  in  it ;  an  experiment  which  I  shall  presently  describe  will 
4ully  justify  me  in  so  doing. 

We  have  it  now  in  our  power  to  state  the  constituents  of  suir 
pbwpfltted  chyazate  of  copper  more  in  detail,  as  follows : 

Sulphur 24*4..  40*00 s: 2 atoms 

Canxon,  azote,  and  hydro- 
gen, in  the  proportions 
which  form  prussic  acid  20*6  • ,  33*94  s=  1  atom  of  prossic  acid 


■*• 


Sulphuretted  chyazicacid  45*0  •  •  73-94  =  1  atom 
Protoxide  of  copper  . . . .  55'0 . .  90*00  s  1  atom 

100-0    163*94  s  1  atom 

But  in  order  to  put  the  composition  of  this  salt  and  of  its  acid 
out  of  all  doubt,  I  undertook  the  analysis  of  it  by  combustimi 
vritii  peroxide  of  coppei  m  purpose  1  mixed  4*8  gr.  of  it 

intimately  by  trituration  r*-'^       peroxide,  the  mixture 

waa  pot  into  ^  g^aw  taahi  n  vo^all  retort,  and 
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was  heated  by  the  flame  of  a  spirit  lamp,  the  gas  produced  was 
received  over  mercuTy^  it  measured  6*34  cubic  inches  at  mean 
temperature  and  pessure,  and  on  analysis  I  found  it  composed 
as  follows :    » 

Cubic  inches.  Volumes.        '    Grains. 

Carbonic  acid . .  3-46  2  I'S"  ^J-t?  ^^^ 

Azote 1-73  1   0-513 

Sulphurous  acid  1;15  *  0-781  ^f^  «^P^^ 

fr34      

The  residuum  in  the  glass  tube  was  a  mixture  of  sulphuret  of 
copper^  protoxide  of  copper,  and  metallic  copper ;  it  weighed 
i3'66  CT.  I  heated  it  in  diluted  sulphiuric  acid,  which  decom- 
posed Uie.  protoxide,  reduced  half  of  it  to  the  metallic  state,  and 
converted  the  remaining  half  into  peroxide,  which  it  dissolved. 
The  copper  in  the  metallic  state  was  dissolved  by  weak  nitric 
acid  in  the  cold,  and  the  sulphuret  remained  unacted  upon :  by 
these  means  I  ascertained  that  the  residuum  was  composed  of 
the  following  ingredients : 

GrmiM. 

Protoxide  of  copper 7-56  "^^^  ^W^         ' 

Copper 2-10 

Sulphuret  of  copper ..^^^^  ^eop^eT 

13-56 

Previously  to  drawing  the  proper  inferences  from  these  data, 
it  will  be  convenient  to  estimate  the  quantity  of  oxygen  con- 
sumed, and  also  that  contained  in  the  produced  gases. 

Oiygen 

grains* 

Contained  in  the  12  gf.  of  peroxide 2*400 

Contained  in  the  protoxide  of  the  4*8  gr.  of  sulphuretted 
chyazate 0*293 

First  introduced  in  the  tube 2*693 

Remained  in  the  tube  in  7'66  gr.  of  protoxide  • 0*840 

Total  oxygen  consumed 1*853 

In  1*611  gr.  of  carbonic  acid 1*170 

In  0*781  gr.  of  sulphurous  acid ft390 

Total  oxygen  expended  in  the  formation  of  gas 1*560 

Deducting  1'660  from  1-863,  it  appears  that  0293  of  a  grain 
of  oxygen  (equal  to  \  of  that  in  the  carbonic  acid)  was  consumed 


Grains. 


fSulphur. 


Sulphuretted 
chyazicacid.  2*  162" 


Carbon 
Azote . 
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beyond  what  was  expended  in  the  production  of  gases ;  this  must 
have  formed  water  with  the  hydrogen  of  the  sulphuretted  chy« 
aadc  acidy  and  represents  0*03o  of  a  grain  of  hydrogen. 

The  fconstituents  of  the  4*8  gr.  of  sulphuretted  chyazate  may 
now  be  easily  ascertained  in  the  following  manner : 

Grains. 

1*172  Equal  to  that  in  the  sul- 

phurous  acid  and  in  the 

sulphuret  of  copper,  or 

0-39  +  0-78. 

0*439  Equal  to  that  in  the  cai> 

Donic  acid  gas. 
0*513  Equal  to  that  m  the  azote 
gas. 
^Hydrogen  0*038  Equal  to  that  which  com- 
bined with  0*293  oxy- 
gen. . 
^Copper  • .  2*345  Equal  to  that  contained 

m  the  residuum  minus 

what  was  contained  in 

the  peroxide  first  intro- 

^  duced,  or  11*94  —  9-6. 

Oxygen.  .  0*293  Equal  to  the  whole  oxy-» 

gen  consumed,  +  that 
left  in  the  residuum, 
-*-  that  first  introduced 
as  a  constituent  of  the 
peroxide,  or  1*853  + 
0*84  -  2*4. 


Protoxide  of  ^ 

copper, .  •  •  •  2*^8 


4*800 


4*800 


These  results,  when  stated  in  atomic  proportions,  give  the 
following  numbers,  which  completely  confirm  the  former  ana« 
lysis. 

^Sulphur  ....  40*00  Two  atoms 


One  alom  of  sulphur- 
etted chyazic  acid . ..  73*94 


Carbon  ....  16*08  Two  atoms 

Azote •  17*54  One  atom 

^Hydrogen  ..     1*32  One  atom 

One  atom  of  protoxide  CCopper 80*00  One  atom- 

of  copper 90*00  (^  Oxygen  . .  • .  10*00  One  atom^ 

One  atom  of  sulphuret- 
ted chyazate  of  copper  163*94  163*94 

It  deserves  to  be  remarked  in  this  experiment,  that  had  the 
whole  of  the  sulphur  been  converted  into  sulphurous  acid,  its 
volume  would  have  exactly  equalled  that  of  the  carbonic  acid, 
and  that  a  concise  statement  of  the  whole  phenomena  of  its 
perfect  combustion  may  be  made  by  saying,  that  an  atom  oC 
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ffolpbiiTetted  chyazic  acid  m  combining  with  me  atoiw  of  fXBfr 
gen  ibraiB  two  atoms  of  sulphurous  acid^  twQ  ¥rtois»  of  cailKunc 
acidy  one  atom  of  water^  and  relinquishes  one  atom  pf  aiote- 

The  fonnation  of  ammonia  in  liquid  sulphuretted  chyivc 
actd  by  the  action  of  concentrated  acids,  aod  considered  by 
Von  Grotthuss  as  proving  that  the  azote  and  hydrogen  exist  m 
it  in  the  ratio  of  one  to  three,  proves  no  such  thing.  I  have 
eften  observed  this  formation ;  it  never  takes  place  withoot  the 
wmultaneous  production  of  carbonic  or  sulphurous  acid :  hence 
in  these  instances  water  is  decomposed  which  supplies  the  sddi- 
tional  hydrogen  requisite  to  form  ammonia  with  th^  azote  81)4 

Sdrogen  of  the  acid,  and  gives  up  a  ccHresponding  proportioa 
oxygen  to  the  carbon  or  sulphur. 
I  felt  much  surprise  at  Von  Urotthuss^s  confident  denial  of  tbe 

roduction  of  prussic  acid  from  sulphuretted  chyazic  acid,  which 
had  asserted  to  take  place  when  its  sulphur  is  acidified.  Ttus 
wrodoction  is  so  abundant  not  only  in  the  cases  in  which  I 
described  it  as  occurring,  but  in  a  variety  of  others,  as  M.  Vogd 
1ms  since  proved,  that  it  is  quite  extraonwary  that  M.  Grotthoiss 
did  not  perceive  it. 

But  as  one  mistake  requires  others  to  supjport  it,  so  I  find 
M.  Grotthuss  asserting,  that  ^'  as  Porrett  aid  obtain  prussie 
acid,  there  can  be  no  doubt  that  he  operated  on  a  salt  contaimng 
a  prussiate  mixed  with  it,  which  would  be  more  readily  the  case 
«&  be  employed  no  alcohol,  nor  indeed  any  method  whatever,  to 
a^arate  sulphuretted  chyazate  of  potash  from  the  pnissiates." 
Sow  it  so  happens,  that  it  was  by  the  employment  of  alcohol 
thot  I  first  obtained  the  salt  in  question,  as  may  be  seen  by  refe- 
rence to  the. paper  in  which  i  announced  its  discovery,  and 
which  was  published  in  the  Transactions  of  the  Society  of  Arts 
for  1809;  and  as  to  my  not  employing  any  other  method  of 
separating  the  prussiates,  I  beg  to  refer  chemists  to  the  follow- 
ing directions,  which  form  a  part  of  the  process  publi^ed  in  the 
FbiIo9ophical  Transactions  for  1814 ;  aud  tbe  obiect  of  which 
•  was  to  separate  the  prussic  from  the  sulphurettea  chyazic  acid 
ly  taking  advantage  of  the  greater  volatility  of  the  former  : 

*^  Let  the  clear  liquor  (containing  the  two  acids  united  to 
potai^)  be  brought  to  a  decidedly  acid  state  by  the  addition  of 
woJphuric  acid  ;  then  keep  it  for  a  short  time  at  nearly  the  boil- 
ilig  point." 

it  is  unnecessary  to  point  ont  any  further  inaccuraciee  of 
M.  Grotthuss  on  this  subject,  especially  as  some  of  them  have 
been  already  noticed  in  M.  VogeVs  paper  on  sulphuretted  chya- 
zic acid.  This  chemist  has  besides  given  an  improvement  on 
Von  Grotthuss's  process  for  obtaininjg  sulphuretted  chyaiuite  of 

{otash.  I  have  repeated  the  process  in  the  mode  reconunended 
y  M.  Vogel,  which  I  find  to  answer  the  purpose  exceedingly  weD; 
itappears,  however,  to  be  still  susceptible  of  advantageous  modifi- 
cation^ :  one  of  these  I  consider  to  oe  a  reduction  oi  one  quarter 
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the  qjaafftitf  of  sulphiur  wbid^  he  empioyjed ;  the  oilier  eoQnate 
in  firat  expelling  by  a  modeifit^  hfi9i  aU  the  water  of  c^fttaUiiar 
^pn  from  the  femunetted  cfayazate ;  the  Bidphujr  then  combmes 

?uietly  inth  the  Bait  immediately  op  (iision  with  it;  and  with 
^ese  B]K)poction4  there  is  no  great  excesB  of  sulphur  remaining, 
have  endeavoured  to  acquire  some  idea  of  what  passes  in  diis 
pperatioo;  and  have  ascertained  that  10  gr.  of  ferruretted  chya- 
2ate  of  potash  combine  with  4  gr.  of  sulphur^  and  give  o£Pl*36  gr. 
of  water,  and  0'5  of  a  grain  of  mixed  gas  and  vapour,  measuring  . 
a)t  mean  temperature  and  pressure  0*3  of  a  cubic  inch,  half  of 
awhich  wap  absorbable  bv  water,  to  which  it  save  the  smell  of 
puij^uret  of  carbon,  and  the  rest  may  have  been  carburetted 
hyorogen ;  but  an  accident  prevented  any  particular  examination 
pf  |t.    The  residuum  weighed  12*16  gr.;  it  was  composed  of 
sidphuretted  chyazate  of  potash,  of  sulphuret  of  iron,  and  of  a 
§xAtd  compoima  of  charpoal  with  sulphur :  hence  it  aj^ars  pro- 

rAAe,  that  in  this  experiment  the  ferruretted  chyazic  acid,  which 
hiive  before  shown  to  be  a  compound  of  four  atoms  carbon,  ona 
of  azote,  two  of  hydrogen,  and  one  of  iron  (Annah  ofPhilonpkjff 
Tol.  xii.  1818),  relinquishes  half  its  carbon  and  hydrogen,  with 
the  whole  of  its  iron,  and  takes  two  atoms  of  sulphur  in  exchan^, 
the  Uberated  carbon  and  iron  at  the  same  time  combining  with 
sulphur. 

I  bee  to  add  to  this  communication,  as  being  closely  connected 
with  the  subject,  the  results  of  a  slight  and  not  verv  precise 
examination,  which  I  made  some  time  since,  of  the  yellow  crys- 
tals, which  Chty-Lussac  discovered  were  formed  when  cyanogen 
and    sulphuretted    hydrogen   gases  are  mixed  together  over 
mercury:  I  have  remarked  that  these  crystals  are  not  formed 
srtien  the  two  gases  are  quite  dry,  but  that  they  are  quickly  mt>* 
quced  if  a  drop  of  water  is  passed  up  into  the  mixture.    The 
$^lour  and  the  nature  of  the  crystals  obtained  do  not  appear  to 
me  to  be  always  the  same ;  they  are  sometimes  greenish-yellow, 
i^^d  soluble  in  water;  at  other  times  they  are  orange-brown,  and 
QcJy  partially  soluble  therein :  I  believe  that  the  former  are 
produced  when  the  cyanogen  employed  is  only  fds  the  volume 
of  the  sulphuretted  hydrogen ;  and  that  the  latter  make  their 
appearance  when  the  volume  of  cyanogen  exceeds  that  of 
t£e  sulphuretted  hydrogen ;  however  this  m^y  be,  the  aqueous 
solutions,  after  the  separation  of  the  brown  deposit  from  the 
orange-coloured  crystals,   appear  identical  in   their  chemical 
characters.    This  solution  possesses  none  of  the  properties  of 
sulphuretted  chyazic  acid;  it  does  not  change  the  colour  of 
litmus ;  it  has  no  effect  on  solutions  of  iron,  nor  on  other  me- 
tallic solutions,   with  the  exception  of  those  of  gold,   silver, 
palladium,  and  mercury,    in  which  it   produces    brown  and 
grey  precipitates ;  it  contains  neither  prussic  nor  sulphm 
chyazic  acid ;  yet  this  latter  acid  is  formed  in  it  when  it 
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mingled  with  an  alkali  and  then  with  an  yid.    Tlie  same  treat- 
ment does  not  form  any  prussic  acid.  ' 

In  conclusions^  I  take  the  opportunity  of  recofding  a  few 
observations  which  T  have  made  on  the  action  of  iodine,  of 
hydriodic  acid,  and  of  sulphuretted  hydrogen,  on  prussic  acid,  on 
cyanuret  of  mercury,  and  on  sulphuretted  chyazate  of  copper. 

Iodine  decomposes  the  aqueous  solution  of  prussic  acid,  and 
becomes  hydriodic  acid,  cyanogen  being  at  the  same  time 
evolved. 

On  the  contrary,  hydriodic  acid  is  itself  decomposed  by 
cyanuret  of  mercury,  red  ioduret  of  mercury  and  prussic  acid 
being  formed.  The  affinity  of  mercury  for  iodine  doubtless 
determines  this  decomposition. 

Iodine,  when  put  into  a  solution  of  cyanuret  of  mercury,  sets 
the  cyanogen  at  liberty,  and  forms  red  ioduret  with  the  metal. 

Sulphuretted  hydrogen  gas,  when  quite  dry,  does  not  appear 
to  act  on  sulphuretted  chyazate  of  copper;  but  it  instantly 
decomposes  it  when  water  is  present,  sulphuretted  chyazic  acid 
being  separated,  and  sulphuret  of  copper  formed. 

Tower,  JfriiS,  1819.  R.  PoRRETT,  JcN. 
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Article  V, 

New  Demonstrations  of  the  Binomial  Theorem.  By  Mr.  Herapath. 

(To  Dr.  Thomson.) 

Among  the  many  demonstrations  that  have  been  given  of  the 
binomiar  theorem,  I  do  not  remember  to  have  seen  one  that  is 
both  elementary  and  complete.  That  in  the  Calcul  des  Fonc- 
tions  is,  perhaps,  one  of  the  most  elegant  and  complete  that  has 
yet  been  given ;  but  it  has  been  objected  to  as  not  being  element- 
ary. The  same  objection  might,  with  a  little  modification,  be 
made  to  one  or  two  neat  demonstrations  that  have  appeared  in 
some  of  the  late  volumes  of  the  Philosophical  Transactions,  and 
to  others  that  I  have  met  with  in  different  authors.  It  seems 
that  mathematiciajis  have  considered  the  lower  branches  of 
algebra  to  be  quite  insufficient,  without  some  assistance  from 
the  higher  analysis,  to  effect  a  proof  of  this  celebrated  theorem. 
Whether  Newton's  not  attempting  to  demonstrate  this,  one  of 
the  most  beautiful  and  valuable  of  his  mathematical  discoveries, 
and  his  resting  satisfied  of  its  general  truth  merely  from  trials 
in  a  few  particular  cases,  may  have  had  any  influence,  I  will 
not  take  upon  me  to  determine ;  but  I  hope  the  following  demon- 
stration, drawn  from  common  algebra,  will  show,  that  there  is  no 
necessity  of  having  recourse  to  other  principles  to  obtain  a 
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j^roof  simplei  direct^  and  complete.    If.  it  has  any  other  merity  it 
IS  to  the  oest  of  my  knowledge  that  of  novelty. 

MnowU-hiU  House.  J-  HeBAFATH. 

Of  the  Invention  of  a  Theorem  for  raising  a  Binomial  to  any 

whole  positive  Power. 

.  Let  a  +  6  be  any  binomial^  then  if  we  take  the  sucoessivc 
powens  of  it  by  actual  multiplication,  there  will  result^ 

Power. 

i.  a  +        h  or  the  coefficient!  alone  will  be  1,1. 

J.  «i»+2fl  &+  d«  1,2,    1. 

J.  a3  +  S«^»-f  3  a  &>+  (•  .^  1,8,    3,    h 

4.  ««-i-4ii3d+.  6a«A*+  4  a  P+  M  1» 4,    6,    4,    U 

A.  a»  +  5a4ft+10a3^  +  10aa63+   5a  M+       h^  1,5,10,10,    5,1. 

•C  «*  +  6«>»+15a«A«+8OaS&*  +  15a«64  +  6a6»4-0^     1,6,15,20,15,6,1. 

from  which  it  is  manifest,  as  well  as  from  a  consideration  of  tht 

Srocess  of  multiplication  by  which  those  coefficients  are  pro- 
uced,  that  the  coefficient  of  any  term  is  equal  to  the  ^ma  of  the 
coefficients  of  the  corresponding  and  preceding  terms  of  the  next 
lower  power ;  as,  for  instance,  in  the  sixth  power,  1  =  1+0, 
6  =  6  +  1,  16  =  10  +  6,  &c.  Therefore  the  coefficient  of  the 
•econd  term  of  any  whole  positive  power  »,  must  be  «;  that  of 
the  first  term  being  unity, 

.  Again,  if  we  divide  the  coefficients  of  the  third  tenfts  by  those 
of  the  second,  we  shall  have 

Coefficients  of  second  terms  orl  1034567  is 

exponents  of  the  powers ....  J    '    '    '    '    '    ' 


Quotients  of  third  by  second  CO- \  ,    «    a    4    s    6  *""^ 

efficients Jt>  t>  t>  ir>  t>  t 2 

Whence  — -  is  the  general  multiplicator  by  which  the  third  co- 
efficient is  produced  from  the  second.  Consequently  the  power 
being  n^  the  coefficient  of  the  third  term  is  «  x  -—-. 

And  generally,  by  following  the  same  method  of  dividing  the 
succeeding  by  the  preceding  coefficients,  we  shall  have 

Indices  or  coefF.  of  2d  terms  1,  2,  3,  4,  5,  6,  7,  8,  .9 . .  n  or  "^ 
Quotients  of  3d  by  2d  coeflF.        ^,  -j-,  a,  4 ,  5.^  6  ^  x,  a !^ 

n-2 
3 

5thby4thcoeff.  ^,  • ,  3 ^  4. ,  *.,  6 !!z? 

wthby  (m-  jrffc .trw  ZTp    •  •     .!_.     ^ 


4th  by  3d  coefi".  ^,  «-,  -j,  hhhi 
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TtmrtbNl  it  m  encfetit'  that  tUe  md&plk^BtCfti  by'tdkidlte 
gncceeding  coefflcientv  are  fgkneMeA  <hic  of  tte  fii^e^edi^  irtf 

the  tenns  of  this  senes  — p,  -^,  —— ,  -j-  ....  jj— ^;  and  con* 
aequently  the  general  theorem  for  raising  a  binomial  to  any 
whole  positive  power  is  a*  +  nrf*"'  ft  +  n  .  '^  a*"'  ft*  +  n 
5zi,^a«-^ftt  ....  ,1^,  !z£  ....  J^j^i.    I  Jo  M  say 

any  thing  of  the  law  of  the  exponents  of  a,  b,  because  it  is 
too  obvious  to  reauire  elucidation. 

In  this  wav  would  the  inirenfion  of  the  theorem  have  been  maiA 
more  natural  and  easy,  at  least  for  whole  positive  powers,  thin 
the  method  of  mlierpolations  Mowed  by  Nevoid ;  and  it  ben^ 
obtamed  for  this  case^  the  others  are  easily  deduced  6om  it. 
Tims  for  the  case  of 

Wbele  Negative  Powers, 

We  have  A  =  (a  +  fty-  =  — i-^  =r 


"-^   ^m-* 


—  n— I     —II— 2     .,« 


_  ' =s  by  common  division 

it  +  n  a—'  b  +n^  a—»  ft*  +  8U5. 

#""•  —  nW'"'*  ft  —  n""*"  a"*"*  ft*  —  »— 5 —  • — j 

ft*—  ....  &c.  which  shows  that  the  gimeral  theorem  for  positive 
exponents,  beii^  whole  numbers,  is  equally  true  for  negative. 

Tlie  same  principle  discov<ers^  the  fonH'  of  the  theorem  when 
die  exponent  of  the  power  vAfrattwual. 

For  if  the  tierms  of  the  fracti6n  be  m,  n,  aad  we  have  x  -^  y^ 

(a  +  ft)* ;  by  involution  we  get  {x  +'  y)*  =  (a  +  ft)* ;  and 

therefore  x  +  y  =  r^^ZTTi  =  (a  +  ft)*  x  (j?  +  y)"""* 

^      (*+y) 

/  1  —  3^  .   •   i..«     n  ^ «   tn-i 

•B  a*  f  TTi  —  «  —  l"i:+  »— 1.5  y  + 1  —  If  —  1  .  2  •    3 


^ 


^•^. 


•) 


4^««— 6(^^  ;rrt5  +  «-^.-;.:^ .)' 

+  «=f-'«— 6*  (^-liTrr.f. ) 

+  *=f-*=^''«-'*»(7c-. ) 

+  ...... ^ (1) 

And  Bince  (x  +  y)*  ss  (ji  -v  i)*,  if  we  ezpuid  each  side  and 


k8I9.}                   oftkeBhoMiemeonm.  lUt- 

Bqmt«  the  first  tenitt,  there  inll  resolt  X  30  a  " «««..«.(2) 

_  n-Xf  or  ,,    w-l  xl^  ^^ 

Now  since  x  +  y  =  [a  +  6)  %  it  is  evident  that  the  terms  of 
^fUfttion  1,  properly  taken,  oo^t  to  give  the  devdopinetttof 

(a  -)^  6)  ";  and  this  will  be  the  case,  if  we  collect  the  terms  ik 
llie  yertical  order  of  their  collocation,  and  make  the  necessMy 
•nbstitutioBs  from  equations  2  and  3. 

Hie  first  term  gives  -^^=1  ^  a*  ;  smd  the  second  term,  without 


Hi  eoefflcieiit,  win  be  a"       b:  add  thus  it  may  easily  be 

dlat  the  powers  with  a  fractional  positive  exponent  fc^w  die' 
same  law  as  those  whose  exponents  are  whole  numbers.  Hieiie- 
Ibre,  for  the  sake  of  brevity,  we  shall  omit  the  powers  of  a  and 
tf^  and  consider  the  coefficients  only. 

By  substituting  from  equation  3,  the  coeflScient  of  the  second 

term  becomes  —  """*'**  +  m  sa  ? • 

II  « 

In  like  manner  the  coefficient  of  the  third  term,  by  taking  the 
eoefficients  of  the  three  next  vertical  terms,  is  equal  to  «  —  1 . 

S-.^  —  W.7*— 1  .-+»i  2i^  =  -  .  ^^^.  But  here  we  have 

taken  no  notice  of  the  coefficient  of  the  second  term 

- ,  ^^—-^  ^ !^-^  •  ^  ^^  of  the  value  of  y,  which  was  neg- 

leeted  in  the  former  substitution  for  the  coefficient  of  the  second 
teamu  If,  therefore,  we  add  this  coefficient,  multiplied  by — «  —  1 

the  coefficient  of  —  in  equation  1,  to  -  •  —^^  found  firom  sum- 
ming the  three  vertical  terms,  we  shall  have  -  .  ^^^  for  the  ea« 

tire  coefficient  of  the  third  term  of  the  development  of  (a+£)*  ? 
that  is,  the  same  as  would  1be  given  by  the  general  thedrem  for 

lAole  positive  powers  by  changing  n  into  --.   And  by  foUowing. 

ibe  same  course  we  shall  discover  a  like  coincidence  in  the' 
Coefficients  of  the  fourth  and  other  terms.  Whence  the  theoreik' 
is  true  generally  for  positli  *vr ;  and  that  it  is  eqiudly  ae( 

Ibr  negative  may  be  shown  ni^  *         •. ;  ih^efore,  it  vi 

umversaUr  true  for  all  iHfeoh  numbers. 
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Because  all  fractions,  whether  mixedi  compound,  or  continuedi 
-may  be  reduced  to  simple  fractions,  having  tkeir  niuneraton  and 
denominators  whole  numbers,  and  the  theorem  has  been  proved 
to  be  universally  true  for  such  fractions ;  sLnd  because  eveiy 
irrational  number  may  be  either  accurately  or  so  nearly  expressed 
by  a  fraction  that  the  difference  shall  be  less  than  any  assignable 
quantitY>  it  follows  that  the  theorem  is  true  for  all  numbers 
rational  or  irrational. 

To  extend  this  theorem  to  imaginary  exponents,  we  must 
observe,  that  as  the  form  of  an  irrational  exponent  is  not 
changed  by  making  it  imaginary,  so  neither  is  the  form  of  any 
coefficient  which  is  a  function  of  this  exponent ;  consequent 
the  theorem  is  likewise  true  for  imaginary  powers,  and  is,  there- 
fore, universally  true. 

A  demonstration  bf  the  binomial  theorem  might  casSy  have 
been  given  for  fractional  powers,  by  pursuing  the  same  route 
that  I  nave  for  the  demonstration  of  whole  numbers ;  namely, 
by  extracting  the  successive  roots,  and  observing  the  law  which 
connects  the  quotients  of  the  coefficients  of  the  succeeding  by 
those  of  the  preceding  terms.     I  have,  however,  chosen  the 

E resent  method,  because  it  is  more  simple  and  natural,  and 
ecause  it  exhibits  a  connective  dependance  between  the  proofe 
of  whole  and  fractional  numbers  that  was  supposed  not  to  exist, 
and  displays  the  resources  of  the  elementaiy  branches  of  a 
science,  which  has  itself,  for  this  purpose  in  its  full  extent,  often 
been  thought  to  be  not  sufficiently  general. 


Article  VI. 

Analyses  of  Books. 


Recherches  sur  Pldentite  des  Forces  Chemiques  et  Ehctriques* 
Par  M.  Jjf.  C.  QUrsted,  Professeur  aVJjniversite  Royale  de 
Copenhasne,  et  Membre  de  la  Societe  Rot/ale  des  Sciences  deh 
meme  Ville,  6fc,  Traduit  de  VAllemand  par  M.  Marcel  it 
SerreSy  Ex-Lispecteur  des  Arts  et  ManufactureSy  et  Prqfesseur 
de  la  Faculte  des  Sciences  a  VUniversite  Imperiale ;  de  h 
Societe  Philomatique  de  Paris,  S^c.     Paris,  1813. 

In  the  fifth  volume  of  the  Annals  of  Philosophy,  p.  5  (Jan. 
1815),  I  gave  some  account  of  this  work,  mentioning  at  the 
liame  time  that  I  had  not  seen  the  book  itself,  but  derived  my 
information  fiom  the  German  journals,  and  from  an  outline  given 
by  Von  Moias  in  his  translation  of  Sir  H.  i)avy*8  elementeiY 
work  on  chemistry  •  Some  time  after  this  notice  of  mine  appeared, 
I  received  a  letter  from  Professor  CErsted  informing  me  that  the 
account  of  his  book  in  the  Gerinan  journals  was  far  Aom  accu- 
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rate^  and  that  I  should  probably  have  formed  a  more  favourable 
opinion  of  it  than  he  conceived  I  had  done  if  I  had  perused  the 
work  itself.  To  put  it  in  my  power  to  do  so,  he  promised  to 
send  me  the  French  translation  of  it,  which  had  oeen  made 
under  his  own  eye,  and  was,  he  said,  in  many  respects,  superior 
to  the  original.  In  consequence  of  this  letter,  to  which  I  returned 
the  proper  answer,  I  received,  some  months  ago,  the  work,  of 
which  1  have  transcribed  the  title  page  at  the  commencement  of 
this  article,  and  I  now  sit  down  to  give  the  best  analysis  of  it 
which  I  can,  both  for  my  own  sake,  and  for  the  advantage  of 
my  readers.  It  gives  me  no  small  degree  of  pleasure  to  have  it 
in  my  power  to  do  justice  to  Professor  QErsted,  whose  knowledge 
of  the  science  of  chemistry,  and  whose  powers  of  arrangement 
and  generalization,  are  very  uncommon.  The  book  is  highly 
worthy  the  perusal  of  all  those  British  chemists  who  aim  at  the 
improvement  and  the  perfection  of  their  science.  It  is  rather 
surprising  that  a  work  of  such  originality  and  value  should  have 
remainea  for  these  four  years  quite  unknown  in  this  country ;  for 
I  am  not  aware  that  any  notice  of  it  has  been  taken  either  in 
Great  Britain  or  in  France,  except  the  very  imperfect  and  inac- 
curate outline  which  I  gave  in  my  Sketch  of  the  Improvements  of 
Chemistry  for  the  Year  1815. 

M.  (Ersted  considers  the  state  of  chemistry  to  be  similar  to 
that  of  mechanical  philosophy  before  the  appearance  of  Gralileo, 
Descartes,  Huygens,  and  iNewton.  Many  important  facts  were 
known  before  the  time  of  these  illustrious  philosophers  ;  but  these 
facts  had  not  been  reduced  to  their  simplest  principles ;  the  con- 
nexion between  them  was  not  perceived ;  the  fundamental  laws 
were  not  discovered.  At  present,  mechanical  philosophy  ia 
brought  to  such  a  state  of  perfection  that  it  embraces  all  the 
movements  of  the  universe  as  a  great  mechanical  problem,  the 
solution  of  which  enables  us  to  calculate  beforehand  a  vast 
number  of  particular  phenomena. 

Hitikerto  the  object  of  chemists  has  been  to  bring  all  the 
effects  under  the  action  of  affinities,  as  the  last  limit  that  can  be 
attained ;  but  scarcely  any  experiments  have  been  made  upon 
affinity  in  general :  no  connexion  has  been  shown  to  exist 
between  affinities  :  it  has  not  been  possible  to  reduce  them  to 
one  general  principle,  from  which  all  the  phenomena  can  be 
deduced.  The  object  of  the  work,  of  which  I  propose  to  give 
an  account,  is  to  commence  this  important  generahzation.  He 
adopts  that  explanation  of  chemical  phenomena  known  in  Ger- 
^aany  by  the  name  of  the  dynamic  system,  which  he  considers  as 
having  been  first  started  by  Ritter,  and  as  having  been  fully  * 
estabUshed  by  the  great  galvanic  discoveries  of  Berzehus  and 

Davy. 

The  work  is  divided  into  nine  chapters,  of  each  of  which  I 

shall  give  a  successive  analysis. 
Vol.  XIII.  N^V.  2  A 
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CUMf.  t-ii^ihe  Mdhod  ofcUttdfyhit  Inofganie  Bodies  aetori- 

ing  to  tietr  Chemicai  Nattete, 

As  the  object  of  chemical  research  is  to  discover  the  nature 
Wfkd  properties  ct  bodies,  it  is  of  great  io^ortance  to  present 
them  in  tne  most  metliodical  order.  Hitherto  bodies  have  beea 
elassed  according  to  certain  characters,  and  attempts  hate  been 
made  to.  define  the  classes  thus  formed.  By  this  manner  of 
j^ceecUng,  a  certain  degree  of  order  has  been  introduced  into 
ehemistry,  but  by  no  means  suited  to  the  present  state  of  the 
science.  In  fact^  these  definitions^  accordUng  to  which  it  h«f 
b^ien  attempted  to  class  every  thin^,  were  estabUshed  at  a  time 
when  the  science  had  made  but  htde  progress,  and  whai  the 
<^iect  was  merely  to  arrange  bodies  in  certain  isolated  gronpes. 
ll^jlile  matters  continued  in  this  state,  it  was  easy  to  make  (he 
d^fiiliition  agree  with  the  things,  and  the  limits  of  the  definitumt 
might  be  in  some  measilre  regarded  as  limits  assigned  by  nattire 
herseK  But  when  new  discoveries  filled  up  the  gaps  which 
existed  between  these  groupes,  these  definitions  reqmred  to  be 
modified  or  ^teiidjed ;  and  after  all  they  could  not  be  made  to 
apply  correctly.  Some  were  abandoned  altogether,  and  othen 
were  retained}  whichi  however,  are  not  more  capable  than  the 
rest  pf  withstanding  a  rigid  examination. 

l^en  Boerhaave  incTStahl  begto  their  chemical  career,  only 
six  perfect  metals  ivere.  known,  and  the  remaining  metallic  bodies 
vvere  e^tcluded  frcmi  the  class  on  account  of  meir  brittleness. 
This  distinction  continued  till  the  discovery  of  a  variety  of  new 
m^etals,  and  ^ed  up  the  fppeat  gap  between  the  ductility  of  gold 
9XkA  the  brittleness  of  arsenic,  it  Was  then  presumable  that  the 
intervals  stiU  i^maining  would  be  gr^duall]r  fiUed  up  by  new  sub- 
stances,  and  consequently  that  me  ductile  and  orittle  metals 
could  no  longer  constitute  two  separate  classes.  A  mreat  decree 
oi  volatiUty  was  also  ccmudered  as  sufficient  to  excmde  vanous 
iK^es  fipom  the  class  of  metals,  fiat  at  present  when  we  know 
that  even  gold  itself  may  be  volatiliied  by  electricity,  by  poweifiil 
buhiing  glasses^  and  by  the  heat  excited  by  means  of  oxygen 
gaS)  wte  cannot  consider  want  of  volatility  as  essential  to  the 
meti^c  nature  of  bodies.  The  ten4>erature  at  which  gold  is 
volatilieed  is  some  hundred  thermic  metres  above  that  at  which 
^r^hi.Q  or  mercury  is  converted  into  vapour.  By  thermic  metre, 
Prof.  (Ersted  vtbderstaads  the  thermonxetric  space  comprdieod^ 
between  fireesang  ttud  boilihg  water.  Ti>is  space  he  considein  as 
ufiity,  and  thtfs  ases  a  4an^uage  that  apfdies  equally  to  all  the 
djfferent  thehncnnetriedi  seues  which  are  emfJoyed  m  diflRarent 
countries. 

If  the  mean  tenqperative  of  the  earth  were  five  thennic  metres 
higher  than  it  is,  arsenic  and  meireuiy  wodd  be  always  in  the 
state  of  vapour ;  and  yet  the  ratio  between  the  vapour  point  of 
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gojd  and  the  temperature  of  the  atmosphere  would  not  vaiv 
much.  It  is  possible,  therefore,  that  metals  may  be  discoyered, 
which  exist  only  in  the  state  of  vapour.  Volatility  then,  or  fixed- 
ness, cdifx  never  enter  into  the  demiition  of  metaUic  bodies.  . 

Opacity,  and  the  property  of  conducting  electricity,  which 
belong  to  the  metals,  exist  in  them  in  dijSerent  degrees,  as  is 
obviooa  from  the  transparency  of  gold  leaf  and  from  the  difier-* 
ence  betweto  the  conaucting  power  of  copper  and  iron.  Such 
prmerties,  therefore,  cannot  enter  into  the  aefinition  of  a  metals 

What  then,  it  will  be  asked,  constitutes  a  sul^tance  a  metal? 
Obviously  its  resemblance  to  other  metaUic  bodies.  It  vraa  by 
this  successive  comparison  of  bodies,  as  they  were  discovered^ 
with  those  already  known,  that  the  class  of  metals  was  formed 
and  extended.  Unless  this  had  been  the  case,  the.  characters 
asGiibiMl  to  them  could  not  have  experienced  so  many  variations. 
Definitions  are  merely  modes  of  making  ourselves  understood* 
They  do  not  constitute  limits  really  fixed  by  nature.  As  the 
IscienGe  advances,  therefiire,  we  must  overleap  these  artificial 
bounds  i^aced  in  our  way  by  our  predecessors.  We  must 
•■continue  our  comparisons.  The  hmit  of  yesterday  ought  not  to 
ccmtinue  our  limit  to-day,  if  the  new  prepress  of  the  science 
fecjoiies  a  new  one.  Neglecting,  theretore,  all  artificial  distinc- 
tions, we  shall  take  as  the  msis  of  our  classification  some 
substance  easily  distinguishable,  and  we  shall  place  next  it  some 
body  that  resembles  it  most ;  and  we  shall  go  on  in  this  way  as 
loDff  as  it  shall  be  possible  to  proceed. 

To  be  better  understood,  let  us  wply  these  principles  to  the 
class  of  metals.  There  is  obviously  a  very  great  difference 
between  the  properties  of  gold  and  arsenic.  The  firmer  is  the 
most  ductile  of  inorganic  bodies,  while  the  latter  is  so  brittle  a4 
to  be  with  great  fii^ility  reducible  to  powder.  Gold  is  exceedr 
iB^  fixed,  and  cannot  be  volatilized  by^imy  heat  which  we  can 
nose  in  our  fiimaces,  while  arsenic  is  volatiUzed  bv  a  }ieat  of 
2*82  thermic  metres.  Gold  is  so  Kttie  combustible  that  this  pro- 
perly could  not  have  been  recognised  in  it  except  by  means  pf 
electricity,  or  some  of  tiie  most  temtiig  acids  ;  while  arsemc  is 
so  inflammable  that  it  bums  with  a  strong  flame  at  a  temperati^ 
conyarativcly  low.  If  we  compare  arsemc  with  j^osphorus  an4 
svlpour,  we  shall  find  the  difference  between  it  and  these  bodies 
nnsch  less  striking.  Phosphorus  and  sulphur  indeed  have  a 
certain  d^nee  of  transparency,  and  are  baa  conductors  of  eleo-> 
tracity;  wnile  arsenic  is  opaque,  and  an  excellent  cojaductor. 
Qnt  now  many  points  of  agreement  do  we  find  to  make  up  for 
these  differences  ?  All  the  wree  are  volatile,  have  a  strong  smeD, 
and  act  with  energv  upon  living  bodies.  When  united  to  oxygen, 
^ey  form  acids  ;  the  acids  which  contain  a  maximum  of  pxygey 
tff»if^f^ci  them  very  fi^d,  whjle  tbo^e  cc^tainingLeco  oj^gtstt 
axe  lEoIatiie.    {finally  they  ciMnbioe  readSy  with     ^^'-  ^-"^ 
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which  is  not  the  case  with  those  substances  that  contain  oxygen 
as  a  constituent. 

When  we  consider  the  metals  with  regard  to  their  combustibi- 
lity,  we  get  a  new  example  of  a  similar  gradation  of  a  properbf 
in  die  same  series.  From  the  most  conwustible  metal  to  gold^ 
the  metals  form  a  series  of  gradations,  the  terms  of  which  are 
sufficiently  known.  When  we  come  to  gold,  we  may  continue 
the  series  by  platinum,  which  is  still  less  combustible  than  ^Id. 
Then  come  osmium  and  iridium,  in  which  the  combustibil&y  is 
so  weak  that  acids  are  incapable  of  attacking  th^ ;  though  the 
alkalies  favour  their  oxidation  in  a  state  of  incandescence. 
Slaying  thus  come  to  a  point  in  the  series  where  the  combusti- 
bility in  some  measure  disappears,  we  may  continue  it  to  tlie 
most  absolute  incombustility.  A  body  is  perfectly  incombustiUfi 
when  its  presence  is  necessary  for  combustion  going  on.* 
Among  the  unbuntt  bodies  which  we  know,  oxygen  is  the  only 
one  that  we  can  consider  as  incombustible.f  If  it  should  be 
discovered  hereafter  that  oxygen  may  be  burned  by  means  of 
another  principle,  it  will  not  be  the  less  true  that  the  body  whose 

Sroperties  are  most  opposite  to  those  of  combustible  bodies  is 
le  only  really  incombustible  substance.  Oxygen,  therefi>fe, 
must  obviously  terminate  the  series  of  undecomposed  bodies  as 
being  perfectly  incombustible,  and  thus  at  the  greatest  possible 
distance  from  the  body  with  which  the  series  commenced. 

Thus  Professor  CErsted  ma^es  the  same  division  of  sinmle 
bodies  that  I  have  done  in  my  System  of  Chemistry  ;  namdv, 
into  combustibles  and  supporters ;  which  last  bodies  he  caUs 
bodies  possessing  la  propriete  comburente.  I  think  the  term 
which  I  have  been  in  the  habit  of  using  is  better  suited  to  our 
language  than  any  translation  of  his  appellation  which  I  could 
have  adopted.  It  is  gratifying  to  observe  such  a  subdivision 
advanced  by  a  gentleman  tnat  m  all  likelihood  was  unacquainted 
with  my  arrangement ;  because  it  adds  greatly  to  the  probability 
that  the  arrangement  itself  is  founded  in  the  nature  of  things. 
(Ersted's  series  of  simple  substances  then  begins  with  the  most 
perfect  combustible,  and  terminates  with  the  most  perfect 
supporter. 

oome  bodies  are  very  combustible  in  certain  circumstances, 
while  they  are  very  little  so  in  others.  We  must,  therefore, 
establish  a  comparison  between  these  bodies  while  they  are  in 
the  same  circumstances.  Carbon  is  capable,  for  example,  of 
reducing  the  greater  number  of  the  metals,  and  yet  it  cannot  be 
considered  as  a  very  combustible  body ;  for  at  the  ordinary 

*  Iodine  was  unknown  when  this  book  was  poblislied ;  and  though  GSrgted  mm 
aware  of  Davy's  hypothesis  respecting;  chlorine,  be  at  that  time  leaned  to  the  old 
doctrine,  for  reasons  which  be  assigns;  bat  which  do  not  seem  of  much  weight,— T. 

t  My  readers  will  understand  what  Prof.  (Ented  means  when  I  mention  that 
^hptrfKt^  inoonOmtibk  bodies  are  tbofe  which  I  call  tugportm  ofc9mhuiim,'^T» 
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temperature  of  the  air,  it  is  less  combustible  than  gold  or  plati- 
num. It  is  well  known  that  few  acids  have  any  action  on 
carbon,  and  that  this  action  is  very  feeble.  We  observe  like- 
wise, that  those  bodies  in  which  carbon  predominates,  constitute 
a  negative  element  in  the  galvanic  chains  even  when  opposed  to 
gold  or  silver.  This  proves,  according  to  a  general  law,  that 
earboQ  is  less  oxidable  than  gold  or  silver.  Sulphur  bums  rea^ 
dily  at  a  high  temperature ;  but  at  the  ordinary  temperature  of 
the  air,  it  is  less  combustible  than  any  of  the  metals ;  and  even 
at  a  high  temperature  its  affinity  for  oxygen  is  much  weaker 
than  that  of  carbon.  Sulphur,  then,  may  be  assimilated  to  less 
oxidable  bodies  ;  for  the  mcrease  ^of  its  combustibility  in  high 
temperatures  is  singularly  favoured  by  the  diminution  of  its 
cohesion  from  heat,  and  by  the  tendency  of  sulphurous  ^cid  to 
assume  the  gaseous  form.  The  gaseous  nature  of  the  acids 
formed,  and  the  attraction  of  sulpnur  for  various  metals,  must 
contribute  materially  to  the  deoxidation  of  different  metalUc 
oxides  by  carbon  and  sulphur.  The  feeble  combustibility  of 
carbon  and  sulphur  is  indicated  likewise  by  the  little  contraction 
which  these  two  bodies  sustain  when  united  to  oxygen.  Sul- 
phur possesses  also  the  remarkable  property  of  disengaging  heat 
and  hght  when  it  combines  with  different  metals ;  showing  that 
it  possesses  a  good  deal  of  the  supporter  in  its  nature.  It  forma 
an  acid  likewise  when  it  unites  witn  hydrogen,  which  establishes 
a  new  analogy  between  it  and  oxygen.  Tellurium  exhibits  a 
•imilar  property,  and  of  course  must  be  placed  near  sulphur  in 
the  series. 

I  have  entered  into  considerable  details  respecting  the  first  of 
Professor  GSrsted's  series ;  that,  namely,  which  consists  of  the 
imdecompounded  bodies.  The  character  which  distinguishes 
^em  is  combustibiUty,  or  the  property  of  supporting  combustion. 
The  combustible  bodies  unite  with  the  supporters  in  general ; 
they  unite  with  each  other ;  and  their  union  takes  place  with 
considerable  energy.  They  constitute  a  series  of  affinities  apart 
which  ought  to  be  examined  separately.  It  will  not  be  necessary 
to  enter  into  so  minute  an  account  of  the  other  two  series  .into 
which  our  author  distributes  the  remainder  of  chemical  bodies. 
It  may  be  sufficient  to  observe,  that  he  has  adopted  the  two 
diviiBions  o{ primary  compounds  and  secondary  compounds,  which 
I  have  ^ven  in  my  System.  The  primarv  compounds  constitute 
his  second  series,  consisting  of  those  bodies  which  he  has  called 
corps  brulees.  These  primary  compounds  consist  of  two  sets  of 
bodies ;  namely,  acids  and  basesy  as  I  have  particularly  explained 
in  the  last  edition  of  my  System  of  Chemistry.  For  it  is  grati- 
fying to  find,  that  without  being  aware  of  what  M.  (Erstea  had 
pcevionsly  done,  I  have  given  exactly  the  same  kind  of  division, 
as  he  had  done.  I  was  obviously  led  to  my  arrangement  in  a 
great  measure  (or  at  least  into  the  division  of  bodies  into  acids 
and  bases)  by  BerthoUet's  observations  in  his  treatiae  ou^ffiaoit^j « 
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And  Mr.  CErsted  acknowledges  his  obligations  to  tbe  »aine  work. 
This  may  serve,  in  some  measure,  to  account  for  the  similarity 
of  our  opinions. 

The  primary  compounds,  or  the  corps  brulees,  as  QSreted  calls 
them,  may,  he  thinks,  be  also  arranged  in  a  series  beginmng 
with  those  bodies  which  possess  the  character  of  alkaluuty  ia 
the  greatest  perfection,  and  terminating  with  those  wlucb  are  : 
most  completely  acid.  Of  course  the  bodies  in  the  middle  of  ! 
the  series  possess  but  little  either  of  alkalinity  or  acidity,  oi  in 
other  words,  combine  with  little  energy  either  with  acids  or 
alkalies  ;  but  are  notwithstanding  capable  of  entering  into  com- 
bination with  both.  An  acid,  of  course,  is  a  body  capable  of 
combining  with,  and  of  neutraliadng  the  properties  of,  alkalies ; 
while  an  alkali  or  a  base  is  a  body  capable  of  uniting  with,  and  4 
neutralizing  the  properties  of,  an  acid.  This  was  the  definitioa 
given  long  ago  of  tnese  bodies  by  Sir  Isaac  Newton.  It  is  the 
notion  adopted  by  Berthollet  in  his  Chemical  Statics.  It  is  the 
opinion  of  (Ersted,  and  is  the  only  bninion  which  the  pretest 
state  of  our  knowledge  will  admit.  Of  course  bodies  of  this 
series  are  capable  of  uniting  with  each  other^  and  those  lA  tke 
two  extremities  of  the  senes  unite  with  most  eneisy.  Ths 
affinities  which  they  exert  are  of  a  pecuUar  khid.  They 
hare  been  more  studied  than  any  other  department  of  die* 
mistry.  The  conqiounds  which  tney  form  are  usually  caHed 
salif. 

The  third  series  of  M.  CErsted  consists  of  those  bodies  which 
I  have  distinguished  by  the  name  of  secondary  compounds j  and  to 
which  he  is  satisfied  with  giving  Uie  name  ot  salts. 

Thus  (Ersted  divides  chemical  bodies  into  simple  mimaTy 
compounds  and  secondary  compounds;  and  he  thinks  that 
tho  podies  belonging  to  each  may  be  disposed  in  a  regular 
series. 

In  the  first  series  there  are  many  ductile  bodies ;  in  the  second 
and  third  series  there  are  none. 

Most  bodies  in  the  first  series  are  opaque ;  most  <if  those  ia 
the  two  others  are  transparent. 

Those  belonging  to  uie  second  class  are  (with  a  few  ezcep* 
tions)  much  less  fusible  than  those  of  the  first  dass,  and  at  tna 
same  time  much  harder.  Those  of  the  third  class  are  much  less 
fusible  than  we  should  expect  fix)m  the  fusibility  of  llieir  consti- 
thents,  especially  when  composed  of  the  most  energetic  acidi 
pnd  alkalies. 

The  bodies  of  the  first  class  are  usually  good  condncton  of 
electricity.  Those  of  the  second  class  are  almost  bU  bad  c<hi^ 
ductors  while  they  remain  sohd,  but  become  better  when  reduced 
to  a  state  of  liquidity ;  though  not  so  good  as  those  of  the  fint 
class.  Those  of  the  third  class  are  idl  bad  conductors  while 
solid ;  but  when  they  contain  much  ^wvter^  they  acqmie  the 
proptiity  of  eondnc;(in|^  electcidt^ « 
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7^  400^  aBtwifthJT^g  of  aU  tlie  fqrcQS  (wi^^y  prpduoe  itlj^ 
lobemical  elfects  ip  ,/ine.  Xh^e  Junil  of  pppahustic^  ^ch  )b|i8 
^Qn  Jutherto  almoet  excluaivety  studbd  by  v4»^3ii^^;  is  jt^ 
i^hidi  results  .from  the  union  of  a  .bi^iiing  Ibody  with  pxy^e;^. 
'Xo  express  Ijie  ^^use  of  this  pbctnoii^enon,  .we  say  ihaiJt  ^e  ^k^hv- 
Jbustihle  body  has  an  affinity  fgr  oxygen ;  .an4  ipat  Q^gefla  h»fi 
an  affinity  for  the  burning  body.  After  a  body  has  bu^;^  ^ 
{ft  certaui  time,  it  loses  iU  faculty  .of  burning  ftnyj^ppne  in  the 
4Bame  circumaUnceis.  Thi0  change  is  e^Kpres^edrby  i^ayii^y  i^tttj^ 
'sthe  body  is  saturated  with  qxyge^.  l]liis  phrase  m^ans  ipeiely 
that  the  attraction  of  the  combustible  substiM^^e  fpr  oxygen  ha^ 
jbecome  so  weak  ibfit  it  is  no  longer  papable  of  .9Tef coming  ,tl^ 
forces  opposed  to  it.  But  .in  imore  iavourable  circ^^ipftt-^pcei}^ 
.thecombustion  of  the  same  body  may.jMroqeedftMrttier.  JByen.ifi 
this  case,  it  would  find  a  limit ;  and  the  same  thing  would  -^^j^ 
xdace  in  eyery  supposed  situatign,  till  at  last  the  property  of 
fuming  in  the  body  would  be  con^pletel^  destroyed.  From  tl^s 
we  leam^  that  the  attraction  of  the  burning  bpc^  fpr  oxy^^en  is 
•weakened  or  even  annihilf^ted  by  an  activity  which  exjij^ts  in.the 
rosyg^n.  In  the  same  w^,y  the  a^tractipA  of  the  oii^gQn  for  .the 
burning  body  is  destroyed  by  an  activity  ipesidi^  ip  ^e  burning 
body.  Thus  these  two  forces  (that  in  the  Q;Kyg6n.anfl  th^t,^ 
die  burning  body)  have  the  property  of  mutually  neutralizing  ei^ 
other.  In  many  cases  the  neutralization  is  so.  complete  t&ttwe 
can  neither  detect. in  the  compound  the  proper^  of  bumin^y.iaQr 
that  of  supporting  combustion.  Now  m  physics^  those  rorpfss 
which  mutually  destroy  each  other  are  called  opposite  forcss. 
The  same  mode  of  speaking  ought  to  be  introduced  iqLto  chemis- 
.tiy :  the  attraction  of  combustible  bodies  for  supporters  is  not.tl^e 
<Hdy  common  property  which  they  possess ;  tpere  are  seye^ 
others  which  disappear  and  reappear  along  with  tl^s  attractiop. 
Thus  the  property  of  acquiring  electricity  by  contact  wit^  con- 
ductors^ that  of  uniting  with  other  combustiblos,  and  1:)i.^tpf 
acting  strongly  upon  light,  may  be  me;ptioned  as  instances.  Jf 
we  were  to  explain  these  phenomena  by  saying  that  they  d^^pend 
upon  the  attraction  of  the  burning  body  fQr  oxyg^p,  ,we  shp.i^ 
DOt  express  every  thing  which  results  fi:<;un  the  nature  <^f  a 
^combustible  body.  We  shall,  therefore,  call,  this  property  com- 
imstibility,  and  the  activity  which  distinguishes  it  the  Joroe  iff 
combustibility-  For  the  same  reason  the  attraction  of  oxygen 
for  combustible  bodies,  and  all  similar  attractions,  xQay  be  caUed 
ike  bumit^ force  (J'orce  combureute). 

Combustion  then  is  produced  by  the  mutiial. attraction  wbieh 
exists  between  the  burning  force  and  the  force  of  combustibility  ^ 
forces  which  have  the  property  of  destroying  each  otjher,  and 
vhich  for. that  reason  ought  to  be  called  opposite  forqes. 

Xhe  combination:  of  b<Mllies  wilhjOKygen  is  i^«ti>jQly.acc.omBa- 
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nied  by  a  suppression  of  forces,  but  the  coirqpounds  pass  into 
another  class^  and  exercise  another  series  of  affinities.  Some  of 
these  compounds  become  alkalies ;  while  others  become  acids. 
Now  the  alkalies  and  acids  are  capable  of  neutralizing  each 
other ;  and,  therefore,  possess  opposite  forces.  It  may,  at  first 
sight,  appear  unaccountable  that  the  same  operation  should  pro- 
duce two  kinds  offerees  quite  opposite  to  each  other.  M.  (Ersted 
is  led  to  what  he  considers  as  the  true  explanation  by  the  follow- 
ing facts : 

1 .  All  those  bodies  that  become  strong  alkaUes  by  coiiibustion 
have  the  property  of  decomposing  water  and  depriving  it  of  its 
oxygen.  Such  bodies  must  of  course  possess  a  great  degree  of 
comoustibiUty.  But  all  the  bodies  that  become  acid  by  com- 
bustion have  little  action  on  water,  unless  favoured  by  peculiar 
circumstances.  They  are,  however,  oxidized  in  the  air  with  the 
greatest  faciUty,  and  this  oxidizement  is  singularly  promoted  by 
neat. 

2.  Those  bodies  that  become  alkaline  unite  with  only  a  small 
quantity  of  oxygen,  whije  those  that  become  acid  unite  with  a 
great  quantity  of  that  substance. 

3.  Those  oxides  which  possess  alkaliniiy  in  the  greatest  iper- 
fection  are  not  saturated  with  oxygen.  Tnose  saturated  oxides 
that  combine  with  acids  are  capable  of  being  separated  from 
acids  by  much  weaker  forces  than  the  non-saturated  oxides.  In 
the  oxides  of  bodies  moderately  combustible,  and  which  are  not 
combined  with  much  oxygen,  we  see  acidity  and  alkalini^ 
existing  at  once.  Very  combustible  bodies  saturated  with 
oxysen  form  compounds  (water  for  example)  neither  acid  nor 

•  alksuine. 

From  the  consideration  of  these  facts,  M.  QErsted  concludes, 
that  those  products  of  combustion  which  still  possess  an  excess 
of  the  ybrce  of  combustibility  are  alkaline :  while  those  in  which 
that  force  is  perfectly  destroyed,  and  in  which  the  burning  force^  ' 
on  the  contrary,  is  in  excess^  are  add.  In  a  certain  state  of 
eauilibrium  of  tnese  forces  there  is  an  equiUbrium  of  acidity  and 
alkaUnity .  But  our  author  is  of  opinion  that  we  must  not  merely  ' 
attend  to  this  state  of  the  forces,  but  take  into  consideration 
that  the  forces  by  the  effect  of  combustion  are  brought  into  a 
state  of  activity  quite  new ;  for  the  force  of  combustibihty  no 
longer  acts  as  such  in  the  alkahes,  nor  the  burning  force  in  the 
acids.  Sometimes  indeed  we  see  both  kinds  of  forces  in  the 
isame  substance.  Thus  in  ammonia  we  find  both  combustibility 
and  alkalinity  existing  together,  and  in  nitric  acid  we  have  an 
example  of  me  burning  force  and  acidity  in  the  same  substance. 
In  some  saturated  oxides  where  the  burning  force  of  the  oxygen 
is  but  little  restrained  by  the  contrary  attraction,  we  see  it  exhi- 
biting almost  all  its  force,  and  yet  the  oxide  exlubits  no  signs 
of  acidity.  We  have  an  example  of  this  in  the  peroxides  of  lead 
And  manganese.    One  of  the  forces  ought  th^i  to  be  limited. 
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and  (to  speak  so)  reduced  to  an  inferior  power  by  the  action  of 
the  other  before  it  can  produce  either  alkalinity  or  acidity. 

I  shall  not  enter  into  our  author's  observations  on  the  intensity 
and  capacity  of  acids  and  alkalies,  because  this  part  of  the  suli^ 
ject  has  been  much  simplified  by  the  improvements  introduced 
into  the'  atomic  theory  since  the  work  under  review  was  pub- 
lished. 

{To  be  continued.) 


Article  VIL 

Proceedings  of  Philosophical  Societies. 

'    ROYAL   SOCIETY. 

April  1. — A  paper,  by  Dr.  Brinkley,  was  read,  entitled 
*'  Results  of  Observations  made  at  Trinity  College,  Dublin,  for 
determining  the  Obliquity  of  the  Ecliptic,  and  the  Maximum 
of  the  Aberration  of  Light."  After  some  general  observationB 
upon  the  obliquity  of  the  Ecliptic,  the  author  proceeded  to  con-: 
sider  the  opinion  of  astronomers  tliat  observations  of  the  winter 
«olstice  have  given  a  less  obliquity  than  those  of  the  summer^- 
'  an  opinion  sanctioned  by  the  observations  of  Maskelyne,  Arago, 
and  Pond  ;  but  questioned  by  Bradley.  Dr.  Brinkley  referred 
this  difiPerence  to  some  unknown  modification  of  refraction,  and 
stated  that  he  has  observed  that  at  the  winter  solstice  the  irre- 
gularity of  refraction  from  the  sun  is  greater  than  firom  the  stars 
at  the  same  zenith  distance ;  whence  he  inferred  the  necessity 
of  paying  greater  attention  to  the  observations  made  at  the  win- 
ter solstice.  The  author  next  alluded  to  the  maximum  of  the 
aberration  of  light,  which  he  stated,  from  observations  made  by 
him^ring  the  last  year,  to  be  20*  80'^. 

this  meeting  also,  a  paper,  by  Sir  E.  Home,  was  read,  enti- 
fed* "  Some  additional  Remarks  on  the  Skeleton  of  the  Proteor- 
vhachius.''  The  author  commenced  by  stating,  that  having 
*{)^M4pusly  proved  that  this  animal  has.  four  legs,  and  that  its 
progr^sive  motion  through  water  is  similar  to  that  of  fishes,  he 
was  le^  to  look  for  its  place  in  the  scale  of  beings  between 
amphibia  and  fishes.  He  found  the  vertebree  of  the  proteus 
cupped  at  both  extremities,  like  those  of  the  fossil  animal ;  and 
firom  this  and  other  circumstances  it  appeared,  that  the  fossil 
animal  was  nearly  allied  to  the  proteus  ;  but  the  capacity  of  the 
chest,  and  the  want  of  sufficient  room  between  the  occiput  and 
first  rib,  seemed  to  show  that  it  breathed  by  lungs  only  and  did 
not  possess  gills.  From  this  circumstance,  and  from  its  appear- 
ing to  have  been  capable  of  the  two  kinds  of  progressive  motion, 
>;1the  author  gave  it  the  name  of  proteorrhachius. 

Anotiher  paper  was  likewise  read  at  this,  meeting,  on  some 
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new  methods  of  investigating  the  sums  of  several  classes  ef  infi- 
nite series,  by  C.  Babbage,  £&(][.  From  the  nature  of  the  subjecti 
this  paper  did  not  admit  of  being  read  in  detail.  But  the  object 
of  the  author  appears  to  have  been  to  explain  two  methods  of 
finding  the  sums  of  a  variety  of  infinite  series.  One  of  these 
was  discovered  several  years  ago;  but  finding  that  some  of  the 
results  to  which  it  led  were  erroneous,  he  dia  not  then  puUish 
it.  On  inquiring  into  the  cause  of  these  errors,  he  detected 
the  second  method.  The  cause  of  the  fallacy  was  afterwards 
discovered,  and  a  rule  was  proposed  for  judging  of  the  truth  of 
the  results,  and  a  mode  of  correcting  them  when  found  to  be 
erroneous.  The  author  stated  that  nearly  similar  results  were 
found  by  MM.  Poissonand  Lagrange,  but  that  neither  of  these 
mathematicians  had  explained  the  cause  of  .the  error^  or  given  a 
inethod  of  correcting  them. 

The  Society  adjourned  till  after  Easter. 

GEOLOGICAL   SOCIETY. 

Jan.  15. — A  paper  was  read,  from  S.  Babington,  Esq.  **  On 
the  Geology  of  the  Country  between  Tellichery  and  Madras." 

The  face  of  the  country  in  general  below  the  ghauts  is  marked 
by  low  rounded  hills,  composed  of  a  porous  substaace  callediby 
Buchanan,  laterite.  The  mountains  denominated  ghauts,  ao4 
the  other  mountains  traversed  in  the  course  of  bis  journey,  the 
author  describes  as  consisting  of  granite,  gneiss,  mica  slate^  &c. 
varieties  of  homeblende  rock  sometimes  containing  garnet,  and 
in  one  place  cyanite.  The  Camatic,  or  country  east  of  the 
eastern  ghauts,  is  flat,  as  though  it  had  been  once  covered  fay 
the  sea ;  and  in  digging  a  well  about  two  miles  from  the  coast, 
a  stratum  of  brown  clay  was  first  cut  through  to  the  depth  of 
about  five  feet,  then  a  stratum  of  bluish  black  clay  nearly  30 
feet,  containing  beds  of  oyster,  cockle,  and  other  sh^ls  ;  aiid  at 
iabout  37  feet  irom  the  surface  water  is  obtained. 

Feb,  19.— A  pa{)er  was  read  from  the  Hon.W.  I.  H.F.Strang- 
ways,  on  the  Rapids  of  Imatra  on  the  Voxa  river,  in  Carelia, 
N.W.  of  St.  Petersburgh,  with  an  outline  of  the  probable  history 
tof  their  formation,  and  a  notice  of  the  burstmg  of  the  lake 
JLoubando  into  the  Ladoga  in  1818. 

The  greater  part  of  the  course  of  the  Voxa  may  be  considered 
xather  as  a  chain  of  lakes  than  a  river ;  near  Imatra  it  is  gob- 
toicted  into  a  narrow  channel  within  rocky  banks,  about  60  feet 
in  breadth,  which  continues  about  600  jrards ;  the  eastern  bank 
is  a  section  of  a  table  land  of  inconsiderable  extent,  deeply 
jchannelled  and  covered  with  pebUes  and  holders  of  great  size, 
^«ome  of  which  are  hollowed  into  the  most  fanciful  shapes.  The 
river  rushes  with  great  fury  and  a  tremendous  noise  through 
ibis  channel ;  the  rock  through  which  it  passes  is  the  common 
red  granite  of  Finland,  which  is  easily  oisintegrated  by  mere 
exposure  to  the  weather,  aud  hence  may  have  pveawted  no 
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obstacle  to  the  current  of  water  irom  the  hisher  laud,  tn  1818 
ctoe  ofthe  lakes,  Loubamdo,  which  disdiargea  its  waters  eastward 
into  the  Voxa,  opened  a  passage  into  I^ke  Ladoga  eastward, 
by  bursting  through  the  isthmus  of  Taipala,  a  circumstance  that 
Will  probably  alter  its  future  geographical  character. 

A  paper  was  also  read,  ^m  Dr.  Adam,  of  Calcutta,  *'  On 
the  (jeology  of  the  Banks  of  the  Granges  from  Calcutta  to 
Caunpore." 

There  is  no  rock  on  the  banks  of  the  Hoogly  or  Ganges 
between  Calcutta  and  the  province  of  Bahar.  The  soil  consists 
of  a  mixture  of  argillaceous  earth,  sand,  and  minute  grains  of 
mica,  and  is  highly  favourable  to  vegetation. 

After  leaving  the  low  lands  of  Bengal,  the  Ragemaal  chain 
of  hills  present  themselves ;  of  these,  as  well  as  other  hills 
between  this  chain  and  Monghyr,  the  author  has  sent  a  series  of 
specimens  as  a  necessary  iUuslration  of  his  paper. 

After  leaving  Monghyr,  the  country  s^ain  becomes  flat,  and 
continues  so  ror  upwards  of  200  miles ;  at  Chenor,  there  are 
several  low  ranges  of  hills ;  between  these  and  Caunpore,  there 
is  neither  rock  nor  rolled  stone ;  but  the  soil  consists  chiefly  of 
clay,  sometimes  considerably  indurated. 

March  6. — An  extract  was  read  of  a  letter  from  Whitby,  from 
ibe  Rev.  George  Young,  addressed  to  Samuel  Parkes,  Esq. 
epntaining  an  account  of  the  discovery  near  Whitby  ofthe  fossd 
remains  of  an  animal,  supposed  to  have  been  an  ichthyosaurus. 

The  fossil  is  described  as  imbedded  in  the  alum  rock,  the  skuQ 
being  entire,  and  measuring  two  feet  ten  inches  long,,  one  foot 
in  breadth  at  the  broadest  part,  and  tapering  to  a  point  hke  a 
bird's  beak ;  the  jaw  bones  have  been  twisted,  the  teeth  broken 
«nd  displaced,  and  the  remainder  of  the  skeleton  is  much  muti-r 
hted  and  imperfect.  It  is  supposed  that  the  animal  must  have 
been  at  least  14  feet  long. 

A  paper  was  read,  from  H.  T.  De  La  Beche,  Esq.  on  the  rocks 
widi  their  fossils  ofthe  coast  extending  from  Bridport  Harbour, 
Dorset,  to  the  eastern  point  of  Torbay,  Devon. 

Tlie  line  of  coast  described,  beginning  at  its  western  point, 
consists  of  the  following  beds  which  dip  eastward. 

1.  Rock  marl,  or  red  conglomerate  ;  this,  at  Axmouth  Point, 
passes  gradually  into  the  lyas,  which  dips  below  the  surface  a 
tittle  to  the  westward  of  Bndport  Harbour ;  on  this  rests, 

2.  Green  sand,  which  is  found  first  covering  only  the  tops  of 
the  hills ;  but  on  proceeding  eastward,  forms  a  continuous  bed, 
md  is- surmounted  at  Axmouth  Point  by  the 

3.  Chalk,  into  which  the  green  sand  sometimes  passes ;  but 
the  author  has  never  observed  the  green  sand  passmg  into  any 
inferior  bed ;  on  all  the  hills  cappea  with  green  sand  are  found 
qutotities  of  fragments  of  flint  and  chert,  in  some  instances 
ftgfiiqtiiiat^d  together  by  ia  siKcious  cement  forming  a  breccia. 

Ofthe  fossik,  the  author  gives  a  partly  descrij^ve  catalo^e^ 
wttb  gome  dmwmgB, 
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The  lyas  prdduces  the  ichthyoeannia. 

Some  parts  of  another  animal  not  described ;  a  fish  with  recti 
fttigiilftr  scales,  and  one  in  which  the  scales  have  that  form  ooly 
towards  the  head. 

The  nautili  and  ammonites  are  numerous. 

Pentacrini  are  also  found. 

Trochi  occur  rarely. 

Casts  of  turbinated  shells  more  common. 

PectenSy  gryphites,  anomiae,  and  other  bivalves,  in  great 
abundance. 

The  fossils  of  the  green  sand  are  numerous. 


Article  VIII. 

SCIENTIFIC    INTELLIGENCE,   AND    NOTICES    OP    SUBJECTS 

CONNECTED    WITH    SCIENCE. 

I.  New  Acid  of  Sulphur, 

G^y-Lussac  and  Welther  have  discovered  a  new  acid  combi- 
nation of  sulphur  and  oxygen  intermediate  between  sulj^uroni 
and  sulphuric  acid^  to  which  they  have  given  the  name  of 
sulphurin  acid.  If  we  consider  sulphurous  acid  as  a  compound 
of  tour  volumes  sulphur  and  four  volumes  oxygen  gas,  sulphuric 
acid  will  be  a  compound  of  four  volumes  sulphur  and  six  volumes 
oxygen.  Hence  it  is  probable  that  this  intermediate  acid  will  be 
a  compound  of  four  volumes  sulphur  +  five  volumes  oxygen. 

The  sulphurin  acid  is  obtained  by  passing  a  current  of  sulphur- 
ous acid  gas  over  the  black  oxide  of  manganese.  A  combination 
takes  place ;  the  excess  of  the  oxide  of  manganese  is  separated 
by  dissolving  the  fuilphurinate  of  manganese  in  water.  Caustic 
barytes  precipitates  the  mansanese^  and  forms  with  the  sulphurin 
acid  a  very  soluble  salt,  which  crystallizes  regularly,  like  the 
nitrate  or  muriate  of  baiytes.  Sulphurinate  of  barytes  being  thus 
obtained,  sulphuric  acid  is  cautiously  added  to  the  solution, 
which  throws  down  the  barytes,  and  leaves  the  sulphurin  acid 
in  the  water.  This  acid  may  be  concentrated  very  considerably 
without  any  loss. 

II.  New  Compound  of  Oxygen  and  Hydrogen, 

Thenard  in  the  course  of  his  experiments  on  the  oxygenized 
acids,'"'  &c.  is  stated  to  have  placed  beVond  a  doubt  tne  exist- 
ence of  a  new  compound  of  oxygen  and  nydrogen,  consisting  of 
two  atoms  of  oxygen  and  one  of  hydrogen.  It  is  a  fluid  less 
volatile  than  water,  and  soluble  in  it  in  any  proportion :  hence  it 
may  be  obtained  nearly  free  from  that  liquid  by  placing  the 

#   ■  ■  ■ 

•  See  the  pTesenl  \Q\um«  9I \^^  Avmal^ '^ A.    .■  \.*< 
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isiixture  under  the  receiver  of  an  air-pump  with  sulphuric  acid. 
MTIien  separated  from  water  and  concentrated  as  much  as  pos- 
sible,, its  sp.  gr.  is  1*417.  It  destroys  or  whitens  all  organic 
substances.  When  a  drop  of  it  is  allowed  to  fall  upon  oxide  of 
silver,  the  oxide  i^  decomposed,  with  explosion,  and  often  with 
emission  of  light. 

III.  WavelUte. 

J  From  Sir  H.  Davy's  analysis  of  this  mineral,  it  has  been  con- 
sidered as  a  hydrate  of  alumina.  The  want  of  the  usual  ratip 
l>etween  the  water  and  the  alumina  led  Berzelius  to  suspect  the 
presence  of  an  acid  in  it.  He  accordingly  subjected  it  to  an 
^malysis  which  he  found  attended  with  much  greater  difficulty 
'Chan  he  had  anticipitated.  He  succeeded,  however,  at  last,  and 
£ound  it  a  subphosphate  of  alumina  mixed  with  a  httle  neutral 
floate  of  alumina.    The  following  is  the  result  of  an  analysis  :. 

Alumina 35*35 

Phosphoric  acid 33-40 

Fluonc  acid « .  •• 2*06 

Lime 0-50 

Oxides  of  iron  and  manganese  ......  1*25 

Water 26  90 

99-46 

IV.  Plombgomme. 

A  mineral,  known  hy  this  name,  which  is  found  ^.t  Huelgoet, 
has  been  hitherto  considered  as  a  compact  wavellite.  BerzeUus 
subjected  it  to  analysis,  in  order  to  ascertain  whether  it  was  also 
a  phosphate  of  alumina.     He  found  its  constituents  as  follows : 

Alumina 37-00 

Oxide  of  lead 40-14 

Water 19'90 

Sulphuric  acid 0*20 

Oxides  of  manganese  andiron 1*80 

Silica 0-60 

99-64 

It  is,  therefore,  an  aluminate  of  lead  with  water  of  combina- 
tion, just  as  spinelie  and  gahnite  are  aluminates  of  magnesia  and 
of  zinc,  but  without  water.  Sulphuric  acid  appears  to  have  pene- 
trated it  in  small  quantity  during  its  formation,  and  appears  to 
be  equally  united  with  the  alumina  and  the  oxide  of  lead.  This 
is  the  first  example  of  this  acid  occurring  in  a  mineral  not 
Tolcanic. 

V.  Enclose,     " 

The  constituents  of  this  rare  mineral,  aci&ordin^  to  a  recent 
iuialysis  of  Berzelius,  are  as  follows : 
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SiHca 43-32 

Alumina ••••••••  90*66 

Glucina *.....  •  21*78 

O&ide  of  iron.  • •  •    2*22 

Oxideoftin ^.   .     0-70 


98-68 


Hence  it  is  a  compound  of  one  atom  of  silicate  of  ^uciaattd 
two  atoms  of  silicate  of  almnina. 

VI.  Crichkmite  amd  Elba  Iroii  Ore. 

The  mineral  called  crichionUe  by  Count  Boi|ira<m-  haa  bM 
ascertained  by  Berzelius  to  be  a  titaneons  iroQ.  As  this  miiwill 
has  a  peculiar  metaUic  brilliancy  similar  to  that  of  iron  ore  hm 
Elba,  it  occurred  to  Berzelius  that  the  Elba  iron  ore  pfobillf 
contained  titanium  also.  An  analysis  of  it  sooa  satiraed  Uii 
that  this  opinion  was  well  founded. 

VIJ.  Potter's  Clay  near  the  Halkin  Hills,  Flintshire. 

In  the  number  of  the  Annals  for  March,  p.  233,  the  discoTeiy 
of  this  clay  was  noticed,  and  likewise  the  circumstance  of  its 
being  adapted  for  the  manufacture  of  stone  ware  without  any 
addition.  I  hare  received  a  very  small  specimen  of  the  day, 
sufficient,  however,  for  a  chemic^  analysis ;  and  I  shall  hers 
state  the  constituents  which  I  found  it  to  contain.  Its  diarae- 
ters  being  the  same  with  those  of  potter's  clay,  it  seems  needkss 
to  give  any  description  of  its  appearance.  Indeed  the  minute 
specimen  which  I  have  in  my  possession  would  not  enable  me  to 
give  its  characters  with  much  precision.  Its  constituents  weit 
as  follows : 

Silica 14-400   67-60 

Alumina 6-100   24-40 

Oxide  of  iron .. .     0-600   2-00 

Lime 0-480  1-92 

Moisture 2-376 9-60 


23-866  95-42 

It  appears  from  this  analysis  that  the  clay  in  quefition  contains 
a  considerably  smaller  proportion  of  alumina  than  potter's  eardl 
psually  does.  Notwithstanding  the  two  per  cent,  of  oxide  of 
iron  which  it  contains,  it  may  be  exposea  to  a  strong  r^  heal 
V^ttljiout  losing  its  white  colour.  This  property  of  retaining  its 
^olpur,  when  heated,  is  esse^^tial  to  every  clay  which  is  tp  ho 
used  for  making  stoneware. 

VIII.  Persulpkates  of  Iron. 

In  consequence  of  Mr.  Cooper's  paper  on  the  penra^ates  of 
iron  in  the  last  number  of  the  Annals  (p.  298),  which  oonCsini 
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"^e  important  discovery  of  a  crystallized  persulphate  of  iron,  I 
"^hink  it  necessary  to  state,  that  in  the  month  of  October  last 
yewr,  Mr.  Rennie,  a  friend  of  mine,  a  surgeon  in  Glasgow,  a 
^^ry  ingenious  man  and  fond  of  chemistry,  brought  me  a  few 
ciyrtak,  which  were  obtained,  he  said,  by  evaporating  green 
▼itriol  repeatedly  in  the  open  air,  redissolving  it  by  means  of 
sulphuric  acid,  concentrating  the  solution,  and  setting  it  aside. 
He  succeeded  only  once  in  obtaining  these  crystals,  and  he 
considered  them  as  crystals  of  persulphate  of  iron.    These  crys- 
tals were  regular  octahedrons  (as  fieu'  as  could  be  determined  by 
die  eye),  they  were  transparent  and  colourless,  and  had  very 
much  the  taste  and  appearance  of  alum  crystals.    The  whofe 
quantity  which  I  got  aid  not  exceed  a  grain  in  weight.    I  dis- 
■ofved  one  of  these  crystals  in  distilled  water,  added  to  the 
sointion  an  excess  of  caustic  potash,  heated  and  then  poured  the 
eidourless  Uquid  off  the  peroxide  of  iron  which  had  been  preci- 
pitated.    On  adding  sal  ammoniac  to  this  liquid,  I  got  a  white 
precipitate,  which  appeared  to  the  eye  little  less  abundant  than 
the  preceding  precipitate  of  peroxide  of  iron.     From  these 
experiments,  which  were  all  that  the  minute  quantity  of  crystals 
in  my  possession  admitted  of,  I  considerea  the  presence  of 
alumma  in  them  as  ascertained.    Hence  I  was  led  to  suspect  the 
presence  of  alum,  to  conclude  that  the  salt  was  a  mixture  of 
alum  and  persulphate  of  iron,  and  that  the  crystalline  form  was 
e¥ring  to  the  alum.    This  conjecture  of  mine,  which  from  Mr. 
CooTOT^s  experiments  we  see  was  inaccurate,  prevented  Mr.  Ren- 
nie  nom  making  his  discovery  known  at  the  time.     I  have  still 
one  or  two  of  the  crystals  which  he  ^ve  me  in  my  possession.* 
I  may  take  this  opportunity  of  stating,  that  the  persulphate  of 
iron,  which  I  descrioed  in  Annah  of  Philosaphy,  xii.  4d2,  was 
the  same  as  Mr.  Cooper's  in  composition,  though  the  shape  of 
the  crystals  was  different. — ^T. 

IX.  Gauze  Veih  sugs^ested  as  Preventives  bf  Contagion. 

By  Mr.  Bartlett. 

(To  Dr.  Thomson.) 
SIR, 

Permit  me,  through  the  pages  of  your  Annalsj  to  sug^st  to 
your  medical  readers,  and  tnose  empioved  in  Hospitab  and  other 
mfected  {daces,  the  practicability  of  using  gauTx  veils  as  a 
preventive  of  contagion.  This  method  was  successfully  em- 
ployed by  M.  de  oaussure  and  his  party  when  he  ascended 
Mont  Blanc,  to  preserve  their  faces  from  excoriation ;  nor  was 
their  sight  at  all  impaired,  as  is  usually  the  case  with  travelleni 
in  elevated  regions.  When,  therefore,  we  perceive  the  efficacy 
-  of  a  contrivance  so  simple  in  the  rarest  of  mediums,  and  descend 
to  the  greatest  depths  of  the  earth  to  which  the  labour  or  ingo* 
nuity  of  man  has  penetrated,  and  find  the  same  means  made  us^ 

•  l4ioticcd  theie  cryttali  beiVm  ia  AfmOi  tf^kiUtogikg^  x\L  4S1. 
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of  (Tiau  gauge  ^ire)  to  prevent  the  combustioii'.of  the^^dftmnrf^ 
ggfees  miich  ftbaund  there;  why,  let- me  -  ask^  ifi^f  irWd^ie 
employed  to  the  end  proposed  Y  It  is  an  ascertained  fiCdt  jSiiU 
the  miasmata  which  stognant  waters  exhale  is  diverted  hj  the 
intervention  of  a  few  shrubs  only.*  It  is  also  well  known  that 
travellers  are  preserved  from  the  sufibcating  heat  of  the  siniMs^f 
the  desert  by  merely  bringing  their  faces  in  contact  with' the 
sun'ounding  sand,  tlie  minute  particles  of  which,  in  edl  proha- 
biUty,  prevent  tlie  vapour  from  penetrating  to  the  respiratory 
organs.  Thus  we  fina  that  aH  media  exhibit  the  same  pheno- 
mena when  opposed  by  the  same  difficulties ;  and/  as  ^  as 
reasoning  from  analogy  will  admit  an  inference,  I  csinnot  Ju^ 
subscribing  to  the  belief  of  the  practicability  of  what  I  prpp(^. 
I  beg  leave,  however,  to  submit  it  with  great  deferenpe  tethe 
readers  of  the  Annch  of  P/iilosop/n/,  sincerely^  |iop^ig  , that 
ihould  they  deem  it  worthy  of  experiment^  the  tfesuitr-wiH  be 
successful,  since  it  would  tend  so  materially  to  the  advancement 
of  the  happiness  of  mankind. 

I  have  the  honour  to  be.  Sir, 

Your  very  obedient  sei'\^nt,;.        ■     ' 

J.  M.  Bartlett'^ 

X.  On  the  Lunar  Atmosphere.    By  Mr.  Enunett. .. T 

On  Dec.  5,  1818,  about  11  o'clock,  the  moon  etlipsftd^at 
small  star  in  the  constellation  Pisces,  when  the  .  '"  ' 

following  appearances  were  observed.     S'  m  M 
being  the  illuminated  part  of  the  moon's  disc,  8' 
the  northern  cusp,  S  S'  ^  the  apparent  path  of  the 
star  ;  the  contact  took  place  at  S^,  and  since  the 
moon's  latitude  was  about  2^  4r  S  descending,  t^ie  ^ 
star  was  obscured  for  a  very  short  space  of  time,  the  appaeentgadi 
of  the  star  cutting  off  a  very  small  poilion  from  the  moon'ft  dis&Hf* 
the  star  did  not  disappear  instantly,  as  is  always  the  casei  when 
the  stars'  path  approaches  nearer  the  moon's  centre,  but-  cOfiCi- 
nued  in  contact  witli  the  moon's  hmb  for  25f^  of  time  ;-  for  fiv^or 
six  seconds  it  gradually  lost  some  of  its  brilliancy;  then  theforai'of 
a  regular  disc ;  then  appeared  Uke  a  miimte  raj^of  Uutsfa-  ligbt, 
slowly  moving  along  the  moon's  Umb,  losing  more  of  its  btiltiaiK^ 
every  moment,  till  at  the  end  of  about  2b^',  it  disam>eared(iiiJdK 
most  gradual  manner.    The  star  appeals-  to  have  been  ^keifitiib 

*  Of  this  the  Pontine  marshes  near  Rome  afford  indubitable  9\i4enaiL'^vftt 
%hole  families  liaVe  refided  vent  the  spot  fur  years  Vitikciitft  bsvlng'siyif^fM  ^|Ui 
tbemepUiiie  vapoan  wbichtluMr  potrM:wat«n  eti|^der»/uid  for  ftrbtekUtfrnSr 
cause  ran  be  a->sigBed  than  that  a  screen  of /reMAeMr^tefiiteir  abodkafiroai'lMP 
pestilential  w:iMes.  ^ 

f  A  ban*  inspecttoHnf  the  S^ure  hitiflictclaC  td  s&ir^that  ihe  miiiafe '^MKft 
refractiuD  throu|rh  an  atmosphere  of  vet>  Aittled«Hiiity»  can  anljf  bc.^bitryoi  f0liu 
the  versed  line  of  half  the  arc  S't  is  very  small  i  w^ktf^  S',<  do«t  nft  ^i«q^n|ipt  ia  |Mre 
than  S^  or  4°",  the  <  star  "miist  appear  upon  the  limb  for  VcoDiiderabW  tbmik  if  tM 
aoon  have  an  atmoiuhere  capable  of  refractiOKjIkbU  '        '     "     


•/ 
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vieW|  when  really  behind  the  moon's  disc,  by  the  refraction  of 
lier  atmosphere.  The  emersion  was  not  observed,  the  star  hov- 
ingrcome  into  view  about  half  a  minute  eailier  than  was  expected. 
The  observation  was  made  with  a  Newtonian  reflector,  of  six 
inches  aperture,  and  a  very  distinct  power  of  1 00 :  with  this 

Sower,  the  star,  before  contact,  presented  a  minute,  round,  well- 
efined  disc,  whose  contact  with,  and  change  of  place  upon,  the 
moon's  limb,  were  most  distinctly  observed.   ^ 

J.  B.Emmett. 

***  The  ezisteoce  of  aluoar  atmosphere  is  doabtful,  and  has  been  denied  alto- 
fHher  by  some  astronomers.  If  it  does  exist,  its  tenuity  must  be  extreme,  as  the 
Mlllancy  of  stars  for  the  most  part  is  not  in  the  least  diminished  by  it.    See  in 

rrtlcnlar  Col.  Beanfoy's  observations  on   this  subject,  Annah  of  Philo$oph]f^ 
225^  €t  pMtim. 

XI.  Mr*  Murray  on  Dew,  and  on  the  Temperature  of  the  Sea. 

(To  Dr.  Thomson.) 
SIR,  Paris,  Feb.  15,  1819. 

I  was  convinced  of  the  truth  of  the  late  Dr.  Wells's  theory  of 
Ijie  formation  of  dew  from  the  first  perusal  of  his  very  ingenious 
essay.    Time  has  confirmed,  not  weakened  the  impression. 

On  the  6th  of  last  month  in  crossing  the  Bochetta  from  Genoa 
to  Turin,  at  half-past  seven  o'clock,  a.  m.  with  a  still  atmosphere 
and  serene  sky,  I  noted  the  following  observation,  which  cannot 
I  think  be  explained  in  any  other  way  than  ugon  the  principles 
laid  down  by  Dr.  Wells.  The  external  atmosphere  was  27^ 
Fahr. ;  that  within  the  coach  64*^.  The  windows  had  been 
shut  for  a  considerable  time.  The  exterior  surface  of  the 
glass  was  dry,  the  inner  covered  with  a  thin  crust  of  ice,  though 
exposed  to  this  medium  of  54°.  I  lowered  one  of  the  side  win- 
dows about  half  an  inch  ;  this  had  the  effect  of  causing  the  ice 
to  disappear  very  shortly.  I  explain  the  phenomenon  in  the 
following  manner :  The  exterior  surface  of  the  glass  radiated 
caloric  to  the  heavens  more  promptly  than  it  received  the  warm 
impressions  from  within,  in  consequence  of  which  the  respirable 
vapour  condensed  upon  the  inner  surface  passed  into  the  state 
of  ice.  On  admitting  the  external  air,  a  current  was  established, 
and  the  ice  dissolved,  though  it  lowered  the  temperature  consi- 
derably. The  ball  of  the  thermometer  in  contact  with  the  ice 
within  still  supported  a  temperature  of  54^.  I  should  add  to 
these  that  no  ice  formed  on  the  surface  of  the  front  windows,  and 
these  were  overshadowed  by  the  covert  of  the  cabriolet.  Now 
Dr.  Wells  has  clearly  proved  that  a  cloudy  sky,  or  the  prevalence 
of  winds,  are  circumstances  unfavourable  to  the  formation  of 
dew;  and  that  an  agitated  atmosphere  not  only  prevents  the 
deposition  of  dew  and  the  formation  of  hoar  frost,  ice,  &c.  but 
dissolves  them  as  soon  as  formed. 

Dr.  Davy's  ingenious  researches  on  the  temperature  of  the 
sea  will  no  doubt  be  appreciated  by  the  navigator.  By  this 
account  we  are  apprized  of  the  approximatiou  o(  ^o^^\s^  '^. 

Vol.  XIIL  ^  V.  2  B 
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decremeQJ:«{E,^^gei%tij|Q-  .  1^  iiuy  be  the  case  ia  the  ocean, 
but  circoBittaqceB  coacur,  t.  atti  ^eriua(I^3j|%9  ni(K[ifj  this  law  u 
applied  w  Oa^  awjcp^^^to  ]md..,  I  ^^ian  exacx  re^ster  of  Ae 
temperarOre  of  me  sea  on."  my  pasBage'ftom  the  MuB  yf  Galloway 
to  LiveinoaL  and  oiv  my  yoyagp  froiji  Legtom  to  ,Civ^taVecciiiaj 
and  thinlf  }  nave  cleMly  proved  tkdit?ier&1s  au  increase  of  tem- 
perature i/f  the  sea  off  the  mouths  '(tf  rivers.  The  mean  of  14 
observa|io48  made- m  St.  Gewgt^s,  ,C)haiinel  ,ia  62-8",  On 
approaciiiiig  N.W.  buoy,  the  temperature  was  55°,  and  suc- 
cessively rose  to  60°  FaJir.  as,  we  approached  the  river  Uereey : 
here  wq  were  amoug  sand-banks.  Again":  ^he  temperature  of 
the  Mediterranean  coatiflued  neftrfy'imifonn  at  70-3"  Fain-. ;  but 
off  the  rjver  Ombrbne,.  In  Itabf  (even  Ifr  nnles  at  Ka),  the  j^ mpei- 
ature  robe  to  7 1-5°.  The  expeiiments  were  madd  witjh  c^e,  and 
frequently  i^«ated.    I  have  the-  honpur  to  l^e,    '       I     ''-t; 

j     ,        Your  very  hunoUe  servant,  JJ-Mukbat. 

!!CJI.  On  GalwmU  Shoeka.    ^Ml-  Jobn  Wocflri<4- 

<To  Dr.  TlMMiM.)— 

■IK*  ,    _  Licifitid,  fti.  (,  mi. 

In  th^  lost  f fifth)  edttton  of  your  System  of  Chenystiy,  I 
observe  j  the  following  statement,  voT.  i,  p.  174.  Speaking  of 
the  projwrties  of  the  gdvanic  battery^  and  the  powM  of  the 
plates  m  giving  shocks,  after  remirki^  that  the  shock  from 
several  ttmdffif  pairs  of  plries  is  so  violent  as  to  he  painfiJ, 
you  say,  *'  Even  m  that  case,  iTthre^ot  four  person^  take  hold 
of  each  o;ther*s  hands  and  form  a  diain,  anij  it  tne  two  ^isons 
at  the  ex^^mitiee  touch  each  an;  end  of  the  piley  Ijiejy  o^e  feel 
the  shock,  while  the  inttmtediateperfdnf  are  sensipii  of  nathiag." 
I  have  frequently  formed  a  ohain  of  eight  or  ten  pcjopl^  alloF 
whom  h^ve  ffllt  thei^ock.  -As  I  -conceive4hia  erdOoeoiA  state- 
ment ha».  crept  into  your  vtii^  thfoi^h  the  huny  of  comgktion, 
nothing  fiirther  nee^  .be  said  retpect^a  it.  I  n-ouLd  take  the 
Bberty,  however^  of  su^eating  to^ou  the  propriety  of  hoticiog 
the  error  in  the  errata  oTflietinsOldcopies  j  and,  perhaps  j>  short 
botice  of  it  ^so  myoxaAm^kof'PfaloMepi^  would  be  adyiseable 
for  the  benefit  of  those  who  have  already jmrchased  your  last 
edition  of .  Chpspistify..,.  I  sun,  Sir^  wijtfi  ^eat  respect,,  -4 
'     *  "  Vbur  mb^  obedient  !e$rran^ 

■_..,,   ^  -       ...  .,    .        ;       ^  JoHNr\¥"oOLglCH. 

Xin.v  ^offf^  !^^P^¥'licated  %'V:'Jokjaoftf  Esq^ 

]~!-"-    -'"'"      -"{To~D^.  ThftiioiL,) I.' 

8Ift,^  j   '.  '  ■  j:  -:- 1.  ■    --■■  -r   ■  -■''■      i  Zmmulir,i«M.  ST,  1819. 

1.  Kiftaro/dglcarjowySflf'j/^irfi**  tianBimt 

you  Mr-iTHftfto^'fe  'fcEWbJtf  flii  I©6§lte  of  his  metewolb^cal  jour- 
nal for  1818.  It  contains  no  accotml  of-(he  (Quantity  of  raiD, 
because  one  of  twoadbaervers  t^io  jiseii  to  furnish  this  inferma- 
tion  has  removed^  foi^  £te  ofiierhaa  Had  the  uusfortOBe  t^injurft 
bit  rain  giiage;'      '■    ■■■■"- 
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2.  Teal  q£  Gtf'^t^  ilck/  a«i2  Silver. — Gallic.acid  deconipc 
i^61^^Lk%^  or  a  sdutiott'dT  djdih;.^'' W'^^ 


VhtcK  does  not  entirely  subsiae  ttftet*-  aic 


jj^^cifSnoier  "^htcK  does  not  entirely  subside  tddei^  aioh^ 
yeiy  minute  quantity  of  silver,  or  of  gallic  acid,  may  be 
ana  distinguished  in  this  way. 

3.  Preparation  oj^  Polyckroite. — Polychroite*  cannot 'be  pre- 
pared by:  redissolving  tne  dry  extract  of  saffircm  ia  alcohQlT  of 
sp..[gr/*oOO.  If4he  extract  bedried  uRtil  it  becomes  brittle,  a 
mucp  ^eaker  spirit  must  be  used  to  rcdi^olve  it.  When  the 
alccihol:  is  diluted  to  sp.  gr*  *840,  the  extract  deli^uiaies,  but 
renvtindl  undissqlved  at  the  bottom  of  the  flask,  exbilmiDg  ayeiy 
beautifil  purple  colour.  Probat>ly  suIpUipric  acid  OaiJt^  upDdaces 
thishcofour  in  a  solution  of  the  extract  by  abstractiag^  the^  water. 

4f.  Attion  of  Sherry  Wineim  Iren. — ^A  y«ry  respectal^e  wine 
merchajat  of  tnis  town  had  a  cask  iprf  sherry! wine  ^tot^  upon 
his  jbaoids  in  consecj^uence  of.a  g^diual  jd^teaoratioil  iiji  t^te  and 
colour.; "  On  emptymg  the  cask,  the  iron  part  of  a  ODopsr's  tool 
(caO^d  a  bracebit)  was  found  at  the  bottbfti  (^rfoded  ia  a-^mark- 
able  jnanner  at  the  steel  extremity  or  head,-  1)uthard^,3Efatall, 
actdd  imon  at  the  shank,  which  consists ^of  malleable  inni. 

Mr.  PhiUips,  at  p.  1 13  of  his  valuable  '^  Cxperimental^Exami- 
naticm  of  the  Eondon  PharmacopGeia,^'  lias  stated,/th|lt'  ''  the 
solubility  of  iron  Mepends  veiy  much  upon  its  softiiessi?  But 
that'venr  accurate  experimenter  and  reasoner  seetns  pb  haye 
overlooked  some  solvents  of  iroti  besides  tartar  existing  iSjt  sherry 
ynne.  Neither  tartar  nor  vinegar  has  produced  any  i^ect>iupon 
a  similar  bracebit  at  all  corresponding  with  that  whidb  took 
place  in  the  sherry.  I  have  had  no  opportunity  of  ^ying  the 
gaUic  or  malic  acid,  and  think  it  better  to  state  this  trifling  and 
probably  useless  fact  than  to  offer  speculation  uponr  it. 

I  remain,  ^ir,  your  obedient  servanf, 

CtiRistopHEB  Johnson. 

P.S.  Can  you  favour  your  distant  readers  with  a  more  detailed 
character  or  even  , title  of  Dr.  John's  XabOiratorium  than  is  to 
be  derived  from  the  article  '' Decompositioii  Chemical"  in 
Napier's  Sup^ement  to  the  Encyclopsadia  Britannioa  ? 


,^,  '^H.-  M-:       ■>- . 


A  friend  of  mine  yyho  has  just  left  Glasgow  for  Leipsic  has  pro- 
mised tDbdngooie  acopy  of  this^and  tevei^^pttier.i^  che- 
mical Books,  which  1  hal^e.^it^jBit^  beeii^uhaUe  to  procure. 
When  I  receive  it,  I  shall  take  an  opportunity  of  giving  an 
account  of  this  work  in  d  fbttif^Tiuiiber  of  the  Annals. — ^T. 
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«  85  inches  snow  on  Ihe  ipronnd. 
h  Hiach  rain, 
c  Much  suow  aud  wind. 
d  This  day  I  caught  51  eeb. 
0  Grievous  thaws  |  cdlare  fnl)  of  water* 
jf  At  nine,  p.  m.  the thenp.  stood  89  beloir  sero. 
IT  Ative,a.m.4T°', 

:  A. Gfif!toiiBthaw$-mii^iiio#f   >-  '"  .  t-  . 

i  Much  wind. 
k  Very  heavy  rain. 
/  Fair. 

m  Sowed  some  seeds. 
m-Heaivj  mifb,-  ■■  ; ."  ■  .. .-  '■'  ..-.  -: :'/  -'..-t't..! 


■'*'•■'  TV.  New  Mode  ofaiiiMderingmdiaiimiiSt^' 

.f.v.-  J    ByMr..Giff.-     '..'=^-"    -"-^    ■■ 

-  -,   ;    (XaPr,.Th.oini^J,  .;.   ;,...;.^  ^.,1^:^.,.,,,.. 

iVo.  11,  CovetU  Qmtdm  Ctiiwlsri, 
SIR,  J^.  80, 1819. 

The  following  extract  6f  a  letter  from  »  gentleman  at  New 
Yprk  to  8rfrieDa  of  niiue  here^  and  who  has  kindly  permitted  qw 
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WHifaicTffaft'tBKi'of  it'IAink  proper,  cbuUuhw rinfinmati^flrf 
80  mnch  importance  to  humanity,  and  the  nu^^coLandicIiJgmicd 
world  in  putioriar,.  that!  iMe^oo  ti^e  in  communicatins;  it  to 
the^pablie  through  your  journal,  as  follows.  It  is  dated  Jan.  9, 
1819. 

■  >'  I  was  extremely  »ony  to  find  from  yoor  last  letter  that  Jos 
had  not  recovered  of  your  l^ieutnatisni. '  Hare  you  tried  ekottl- 
oity?  it  U  found  here  to  be  a  apecific  in  all  recentcasea.  hk, 
however,  applied  in  the  new  manneF  I  have  once  before  soc^ 
to  you  of ;  and  -whether  I  deBchbed  the  jar  used  or  not,  I  oe  lut 
now  remember :  for  your  advantage,  1  wilinow  describe  tbe  modi 
of  naking  it.     The  outside  only  of  the  b6ttle  is  coated  inA 

Eaper,  baviog  tin  or  copper  extzemely  thin  on  its  frarface ;  the 
ottom  of  the  bottle  nor  its  inside  has  no  coating.  To  the  end 
of  the  wire  which  passes  through  the  cork  or  cover,  attach  abont 
halCjd^ardof  Bmall  brass  wire  so  coiled  up,  tiiut  when  itistliD^t 
into  the  bottle  itwjll  expand  itaelf  against  tJit;  siut-s.  A  bottle 
(hus  prepared  will  give  shocks  similarly  to  the  tra  tiiiled  jjts  in 
this  Respect,  that  the  strength  is  pn^portionable  to  the  disumce 
of  the  electrometer  from  the  conductor ;  but  its  sensible  eflc^tif 
Tery  different,  as  it  affects  the  mii.scli-i  of  the  limbs  more  seuiiblj 
than  the  Joints,  and'  it  has  been  found  to  remove  comptainti 
which  the  common  shocks  would  not  reach." 

A^  friend  having  also  been  kind  enoug^  to  .fayvur  me  n^ 
the  former  letter  alUided  to,  which  is  dated  Oct.  !j],  1^17  ■  and 
finding  that  although  the  manner  of  constructing  the  jar  is  only 
hinted  at,  yet  that  the  effects  of  it  are  more  fully  described ;  1 
have  thought  it  proper  to  quote  them  as  follows  : 

"  An  important  improvement  in  medical  electiicity  uiBmA'  to 
be  invented.  Itconsista  in  pouring  thrornghl^  body,  or  disEfaieid 
part,  a  large  quantity  of  the  electnc  fluid  witji  scarcelv  any  pak 
to  the  patient.  This  is  effected  by  coating  the  jar  witn  tinselled 
paper  instead  of  tin  foil,  and  by  using  in^erfect  or  very  weak 
conductors  in  making  the  circuit.  iW  inventor  has  apatent 
for  his  invention,  and  I  paid  ham  tive  d<diars  for  tbe  secret  i 
have  made  some  experiments  an  his  ^n,  and  I  find  the  shad: 
much  modified,  and  sensibly  different  mits  dSecA  on  thcmusdesw*^ 

I  also  learn  from  another  letter  to  my  friend^  bat  from  anotbrt 
correspondent  in  New  York,  and  dated  Jan,  9,  1819,  that  q 
"  Mr.  Everit  boa  formed  an  establishment  there  fotadministenng 
electricity  in  this  new  and  tvperiar  mamittr:  and  the  effect  tf 
which  is  beyond  every  thing  tkat  can  be  ctmoeived.  Hehu 
four  machines  in  use." 

■  i  sincerely  hope  that  this  cmuraniHcation  will  induce  ncfa.of 
yonr  readers  as  maybe.posaessedof  thenecessanr  ap^aratoE^to 
nt  up  Mmejarsin  thK  bofcI  manner;  and  that  toey  wiUinfom 
the  pnbhc  througji  vola  AiiiUils  of  the  results  tiiereof ;  iw  it 
appears  tnMa  that  tad  action  (^  the  electric  ffudin  tlas  mikb> 
ficptioa  of  it  very  much  Te<KnUMi»ibtt)!(tfl4kft\  valtmafib.* 
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battery  ;  and  may  vmy  possibly  afford  some  Valimble  ipplkatiow 
lof  it  to  chemical  purposes.    lam^Sir,  -  /   .'■••qoi 

Your  most  obedient  servant,      '  !  ?< .  // 

Thomas  QiiiL.  ' 


:.'=' 


"^^"^  In  a  postscript^  dated  April  24^  Mr;  Gill  adds^  that  Mr* 
Tuther^  Philosophical  Instrument  Mdker^  High  HoU^om,  hat 
fitted  up  several  electrical  jars  in  this  new  manner,  using^  how- 
ever,  tin  fail  upon  paper  for  the  coating  around  their  outsides, 
instead  of  tinselled  paper.  The  success  has  been  complete; 
the  unpleasant  sensations  occasioned  by  the  passage  of  th/e 
^ectric  fluid  from  common  jars  being  entirely  done  away; 
whilst  the  most  powerful  effects  are  produced. 


f 


Though  medical  electricity  has  been  administered  for  years  in 
this  country  in  nearly  the  same  manner  described  in  the  precied* 
ing  communication,  ^et  as  the  method  has  never,  so  tar  as  I 
know^  been  communicated  to  the  pubhc,  I  was  unwilling  to  with* 
hold  tiie  preceding  letter,  and  trust  that  our  medical  electricians 
^  this  countiy  wul  be  induced  by  it  to  state  the  result  of  their 
Experience  on  the  subject. — T. 

|KVI.  On  British  Mathematical  Periodical  Works,  tmth  a  Ma^ 
*  '  thematical  Query. 

(To  Di*.  Thomson.) 
SIR,  XrMlloll,  F4h,  10,  1810. 

o^  We  Jiave  several  periodical  pubUcations  devoted  almost  exdu* 
tively  to  mathematical  subjects,  which  often  contaiu  pruductit^ns 
of  ^considerable  merit ; .  but  it  is  much  to  be  regretted  that  the 
tobjecta  are  generally  of  a  trifling  nature.  The  questions  are 
formed  without  any  object  beyond  that  of  iagenious  exercises  ; 
Ihey  betray  no  extended  views,  no  attempts  to  advance  puysico* 
iaathematical  science,  nor  its  application  to  the  wants  of  society. 
H;^  time  and  talents  of  the  mathematician  being  consumed  m 
the  preparation  of  the means^  he  forgets  the  end  till  it  be  too 
late  to  conaider  it.  How  different  was  the  course  which  JNfewtoa 
pur&ued.! 

y  To  you,  who  are  so  well  aware  of  the  imperfect  state  of  the 
application  of  mathematical  inqui^  to  physical  acience  and  the 
useful  arts,  1  need  not: state  that  t^eie^  19  abundance- of  subjects 
that  would  not  only  improve  the  student  in  'ma,theinatix:al  reaaoiM 
ing,'  but  also  exercise  his  inventive  lacuUieB  in.  another  and  Hot 
lesa  essential  part  of  knowledge,  viz^  the  considerauon  of;ib^ 
premises  that  ought  to  enter  into-  the  invesdgaticHi/of  .aaph^rntcal 
problem.  It  is  incerrectneiA  in.  this'  that  prciauceiB  :the  ipaiopdoxt^ 
itial  and  unsatiBfaotory  'eoBtluiionft  to.  Da  met  wkh  in  •^yfflf 
^pait^eni of  methiinusdo*sonkK^^  *  1  c-.iv.  x'^jv  u  U  .v..:.i>:^>iX 
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1.  -'M%ile>l)yd«KivaVQical  aoieuce  remuiu  in  ite  prmantin^afat 
stHteVther^  stirelf  cannot  be.  a  want  of  aubjects. 

There  are  mftny  mech&nical  men  who  know  enough  of  scraer 
to  9f\^Y  the  discoveiiee  of  mathematicianB,  and  bIbo  to  direct 
their  attention  to  proper  objects.  But,  unfortunately,  the  VDifci 
to  which  I  allude  refuse  to  iuBert  any  question  without  the  srid- 
tion  accompanies  it.  Hence  useful  Bubjects  never  come  befiM 
dbeir  correspondents.  An  engineer  might,  without  much  difi- 
oul^,  furnish  them  two  or  three  hundred,  all  more  or  len  awU 
ip  his  profeaaioo  ;  and  I  believe  most  of  them  might  either  hi 
opfrectly  Bolved,  or  approximate  answers  might  be  obtained-DW 
oncH^h  for  practice.  And  surely  the  editors  ofsuchworluiiSMt 
always  be  competent  judges  of  what  is  fit  for  inaartioa  witbiNi 
the  caution  of  naving  the  solution  with  the  question ;  and  tb^ 
certainly  would  have  a  better  opportunity  of  selection  were  ^ 
restriction  removed. 

.'.  Being  shut  out  by  the  absurd  restriction  above  noticed,  I  Bolidt 
!|  place  for  the  inquiry  below  in  your  Ajatak,  and  not  mthontt 
hope  that  there  will  speedily  arrive  a  time  when  the  preant 
method  of  conducting  mathematical  works  will  be  done  aird^, 
and  free  scope  will  be  given  to  a  spirit  of  ioquiiy  that  will  cu' 
the  powers  of  science  into  a  new  field  of  actios,  more  honouisUa' 
to  itself  and  to  the  enterprising  minds  of  my  countrymen. 

Quesfiun.—What  should  be  the  thickness  of  a  rectangnhr 
demirevetment  so  that  it  may  be  in  ec^uilibrio  with  the  ptessen 
of  the  earth,  the  earthen  scarp  above  it  making  an  angle  of  45° 
with  the  horizon,  and  the  revetment  itself  vertical  1 

In  this  sketch  a  ia  the  re- 
vetment wall,  and  b  the 
^thern  scarp.  The  expe- 
nments  of  Col,  Pasley  prove 
that  the  common  rules  are 
not  correct,*  And  it  i|  ne- 
cessary that  every  circum- 
stance affecting  the  pressure 
of  ll'_e  earth  be  included  ;  because  the  enpneer,  knawiaff  the 
Conditions  of  equilibrium,  can  better  determine  wfatLt.v^W 
necessary  fpreecurity,    I  am, Sir,  your- obedient. sertairt,!    •  ;.r- 

MasOR  ICIISii    V 

-v-r^  V  Xyii-  Death  of  HomtmaK*.     ■ 

Baron  von  Zach  has  puhlishM  an  account  of  the  death  of 
FredefiokrHomaiHanD',  a  native  of  Hildesheim,  in  Lower  Saxotiy, 
who  was  sent  by  the  Afiican  Asfloelation  in  1797  to  explore  the" 
mtenor  of  Africa,  Many  of  my  readers  wiQ  recollect  flhe  inter- 
e«tthg  papers  pubhehed  by  the  African  Association  from  this 
enteipnsing  traveller,  and  the  sanguine  hopes  that  were  entCT-' 
tained  that  he  would  be  able  to  penetrate  to  Tombuctoo.    These 
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ttopea  have  been  long  extinct.  The  fcdlcmng  ia  th4'  nAo^Mi¥o{ 
his  death  communicated  to  Baron  von  Zach  by-Captaia^^'IT. 
Smith.  ■  ■  * 

Captain  Smith,  having  sojourned  for  some  time  at  the  covrt  of 
the  Dey  of  Tripoli,  formed  an  acquaintance  with  the  Bey  of 
Fezzan,  a  man  of  much  good  sense,  who  had  lately  arrived  irom 
Mourzook.  Amon^  other  interesting  communications  respecting 
the  interior  of  Afnca,  he  informed  Capt.  Smith  that  about  Id 
years  a^o  he  had  travelled  with  Homemann  and  his  compiliuoa.* 
The]r  ^'^^ished  to  return  from  TripoU  to  Fezzan  with  the  aeiigttof 
making  their  way  south  as  far  as  the  Niger,  and  then  to  ga  mng 
tluyt  nver  as  far  as  Tombuctoo.  But  Homemann  was  Mom. 
vith  a  fever,  in  consequence  of  having  drunk  stagnant  waterin 
too  great  abundance  after  a  very  fatiguing  journey.  He  died 
soon  afler,  and  was  buried  at  Aucalus.  His  companion  ooiiti- 
nued  his  journey,  but  fell  ill  at  Housca,  where  he  stopped  iiithe 
house  of*^  a  Tripoli  merchant.  Attempting  to  proceed  on  liis 
journey  before  being  completely  recovered,  he  had  a  relapse,  and 
died  at  Tombuctoo . 

.  Capt.  Smith  adds,  that  he  was  informed  by  the  Pasha  tihat  all 
the  raects  of  Homemann,  consisting  in  books,  manuscripts^ 
inBtruments,  clothes,  and  several  lar^e  sealed  letters,  hsA  been' 
sent  by  the  Dey  of  Fezzan  to  Tripoli  to  be  deposited  with  the 
British  consul.  There  is  a  possibiUty,  therefore,  that' the 
researches  of  this  enterprising  but  unfortunate  travellet  may  yet 
be  recovered. — (Jour,  de  Phys.  Ixxxvii.  474.) 

XVllI.  New  MediccU  Society 4 

^^  A  society  has  been  estabUshed  in  London  bearing  the  desig- 
nation of  the  "  Hunterian  Society."  It  professes  the  most, 
friendly  feeling  towards  all  similar  existing  institutions,  and  i^, 
founded  principally,  but  not  exclusively,  for  the  accommodation 
and  benefit  of^  medical  men  residing  in  the  eastern  parts  of  the 
noetropblis. 

Its  objects  are  to  concentrate  the  zeal  aiid  experience  of  a  targe 
mitAbei*  of  reispectable  practitioners  whose  pikces  of  residence 
at^  sit  a  distance  from  professiond  associations  already  existin^^ 
and  to  receive  and  discuss  communications  on  mediciu  and  siir* 
gical  subji^^ts.  It  aims  particularly  at  the  cultivation  of  a  spirit 
of  liberal  and  friendly  intercourse  Itmmig' the' members  of  the 
profession  within  the  sphere  of  its  inftuenQe^    . 

It  consists  of  honorary,  conesponduD^,. and  ordinary  niemberi, 
aiid  already  the  society  is  honoured  by  the  names  oi  a  consider- 
able number  of  men  of  character  ax^d  talents 

The  following  is  the  list  of  tl^e..  ojScBrs  s^nd  council  for  the 
present  year:  .  jj  ,i..' 

^,  ot  l.jijjov^  Oil  jri      "    •' 

•  Probably  Joseph  Frendenboug,  a  der  9         Horoemaon 

had  taken  into  his  service  as  as  Inttfrprm^''' 


President. -Sir  WiUiam  Biizard,  F.R.S. 

Viwff^ndentsi^SifmesUw^it^^  Mi])4 George  Hfcmi^  Eaiq.; 
John  Meyer,  M.D. ;  Lewis  Leese,  Esq. 

Dreasurer, — Benjamin  Robiiisdii^  M.D. 
.   Secretaries. — JohnT.  Conquest.  M.D.  F.L.S. ;  Thdinas  J.Ar- 
miger,  ^q. 

"  tWfici/.--- Thomas-Addison,  M.D. ;  Thomas  Bell^Esq.  F.L.S.; 
Henrr  James  Chohnley,  M.D. ;  Thomas  Callaway,  Esq.;  Wit 
liamfCJooke,  Esq. ;  George  Edwards,  Esq. ;  James  Alex.  Gor- 
don,^ M.D. ;  William  Kihgdon,  Es^. ; .  Beniamin  Pierce,  M JD/, 
James  ParlunsoDy  Esq. ;  Henrf  Richard  oalmon.  Esq;;- Fired. 

Tyn«l,  Esq.  :      ■        . 

Tie  Hwiterian  Society  holds  its  meetings  every  alternate 
Wednesday  evening  tiiroughout  the  year  at  No.  lO^Sir.  Mary- 
Axe:  <  .'/;"" 

XIX*  Observations  on  the  Magnetic:  Nppdle.    By  €tei.  l^^ufoji. 

(To  Dr.  ThomBoib)'  i:',;-*/  • 

HT  DEAR  SIR,  Bushey  Heaik^^4iiprH%  1819. 

BftVing  completed  two  yeiars^  obseryatioiis  on  th^  4aiiy  varia- 
tion of  Sue  magnetic  needle,  I  have  the  pleasure  to  «etidyou  a 
taUe,  containing  the  comparison  of  mbntmy  observaitkins.  A^ 
every  observation  was  made  by  mysdifi  and  great  attentiQ^  f^^i 
I  trust  they  have  been  conducted  witbas  much  accuracy  as  the 
natur^  of  the  subject  admitted.  It  appears  by  the  tttble  that  the 
varisitioa  increased  from  the  month  of  April,  1817,  uiitil  Jatiuaiy, 
181d;  it  decreased  during  the  month  orFebruary,  and  increased 
inMtiirchthe  same  year;  consequently  it  remams  uncertain,  if 
the  compass  be  yet  arrived  at  its  greatest  western  variatibn.  By 
takiog  1$Le  mean  of  the  morning  difi(^^nces  of  tl^e  two  years' 
observations,  the  increase  of  the  variation,  is  2^  18^^ ;  by  taking 
the  mean  difference  between  the  noon  observations^  the  infcrease 
is  2^ }bZ\  and  the  meaii  tlifferefice  of  ^e  evening  obsdrra.tioo» 
gives -an  augmentation  of  2^45^'^  mean  of  the  whole  2^2§'^ 

Table  II.  contains  the  mean  difference  of  the  two  years'  obser- 
vations, between  the  morning  wA  noon  and  the  noon  and  even- 
ing ..obseryationSy  whence  it  appears  that  the  greatest.. daily 
variation  takes  place  in  the  imontk' of  April,  and  the  least  in  the 
month  of  .Pe^Qemfeer^  the  former  being  IV.  4&%  9tnA,t!b^  latter 
A^^QT-f  and  that  the-difierencea  in  April  and  August  are  neariy 

tfife  sime.  ^  '  .\r      ^    .  .;i 

ri^s-the  vanati9n  of  thie  ^edle^  ^appears  to  be  a  sub|ect»(M 
^oeial  interest  at  present,  it -is  my  intention  to  continue  vy 
o|^ei*^ation»,-  which  I  tni^t'ypU  'will,  as  usual  permit  Jo  be, 
iigerted  in  the  u4w/^fl/5  0^  ',  .>  > 

.1  remain,  my  d<iar  Sir,  yours  very  sincerely, 

-'ri-^.-.^-M   •...   ^      MA»K-BEAufoy.-;\ 

— —    ■  -■     ,  .  -  . .     ...........  .     .    1  I.*:!;-   ..    I       ^  !/       ■■:  ....  ■  ,   -.,      h- 

r—   —     .      i yT.-.f ".!  .  .1    I       :''-       i)       ...'........     .  .  '/-..-.f   .•.^' 

80      r      .,»„.,,,.,,.-• ...     ,  4'.''  ■  i:  t/i   V     -"^      ^ •••--■  ...        «:■- 
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In  takme  the  monthly^mean  ef  iiie-obseriFatiotiSy  Acd  4ii  the 
evemng  01  the  26th  is  rejected,  being  unusually  smalli  for 
which  there  was  no  apparent  cau&e. ' 
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Meteorological  Obiervations  eontirtued. 
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Rain,  by  -the  phiviameter,  between  noon  the  Ist  'of  March 
kdA  noon  the  Ist  of  April  1-153  inch.  The  qaanjjty  that 
frll  on  the  roof  cf  mjr  Observatory,  during  the  sapie  period, 
1' 151  inch.  Evaporation  between  noon  the  ,l8t  of  lM[an:h  and 
po«m^Ul»t.of  April,  2-68  uMihen..! ;,;. 
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The  otMenatioM  id  ench  lioe  of  the  table  attply  lo  «  period  of  tucMj-fbat 
iMtun.besinBfDg  at  9  A.  H.  «b  Ibe  day  iodicated  Id  the  irat  eolana.  A  datb 
rfanotcf,  tint  the  mult  li  InclMded  In  the  next  fvHowInt  nbMTVMiaa. 
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REMARKS. 

SMMuf  ITofifA.— 17.  A  fair  day,  with  Cumutotirahu :  rain  bj  night.  18.  Hie 
mod  ttpriog-like :  CumuU  capped  with  Grroiiraius^  a.  m. :  very  stormy  aigbt 
19.  Afteratqaall  iu  the  morDiiig,.a  very  fine  day,  with  large  CumMli  and  NmMi 
a  foil  bright  rainbow  at  three,  p.m.  :  the  wind  settled  by  evening.  20.  Hov 
frost:  very  fineii|oraiBg,  p.  m. ;  large  raniificd  Cimu  nixed  with  GtrrocKimi/krtt 
a  great  height :  Nimbi :  some  violent  wet  squalls  in  the  night  from  the  sootliwtrd. 
81.  Laige  Cumuli^  and  much  wind:  showers.  22.  Wind  shifted  to  N:  dondy 
noming :  Cmnuloitraii  by  inosculation.  2S.  Wind  and  rain  :  of  the  latter,  O'SS 
in.  between  six  and  nine,  and  0*27  in.  more  by  noon :  afternoon,  a  gale,  wiA 
■ineh  clood :  evening  more  settled.  24.  Fine  morning  t  at  noon,  loflly  large  Cb» 
lff<r«ti»  with  bright  sun:  in  the  course  of  the  afternoon,  an  obscnrity,  likeik 
crown  of  the  Nimhtu^  came  down  upon  these- clouds;  and  a  considerable  Ml  tf 
mom  look  plaee  before  dark,  with  wind,  25.  Snowy  nioniiDg':  tJie  bills  wIMc 
with  snow }  which  soon  vanished  before  a  bright  snn,  p.  in.  26.  Cbroemaki 
above,  while  the  ground  and  water  are  fh'osea :  about  hatf-past  ten,  a  faint,  bit 
large  tolar  Airfo,  which  continaed  till  near  II,  when  obscarfty  caa>e  on  froa  thi 
«oothward,  followed  by  drizzling  rain,  p.  m.  ST.  Overcast  morning:  rail  ■ 
the  night.    28.  Cloudy ;  some  rain.  • 

l%ird  Montk.'—l,  Snow  and  sleet,  a.  m. :  a  wet  day.  8.  Wet  morning :  cloudy, 
driziAing  day.    S.  A  moderate  easterly  gale,  with  much  clond  :  a  gleam  of  iii- 

shine,  p.m. 18.  There  has  been  scarcely  any  rain  since  the  4th |  tktAj 

mostly  grey,  with  light  clouds  |  at  times  overcast,  or  filled  with  Cwmuhtlntn  r 
the  wind  northerly,  breezes,  and  the  air  drying;  so  that  the  roads  at  the  close  of 
the  period,  notwithstanding  some  very  light  showere  of  late,  remain  considenkiy 
covered  with  dust.  The  diverging  bars  of  light  and  shadow,  produced  by  thoMi'i 
rays  passing  through  the  interstices  of  clouds,  have  been  several  times  exUhiid 
within  these  two  days. 

RESULTS. 

Winds  for  the  most  part  Northerly. 

Barometer  :  Greatest  height , 30*34  inches. 

Least 28-90 

Mean  of  the  period . 29*768 

Thermometer :  Greatest  height 590 

Least 23 

Mean  of  the  period , 40*78 

Mean.of  the  Hygrometer..... t..  73 

Evaporation , ^ ^    0«66  ia. 

*•'" / 8-aOiaebfls. 

ToTTBniAS,  TUrd  MmUk,  25,  1819.  L.  HOWARa 


ERRATA. 
Second  Month, — (Feb.)  16.— In  the  observations  00  the  barometer,  fortbeigMi 
at  present  in  the  columns,  rood  max.  29-70.  med.  29535 ;  and  in  the  results  ot  dM 
barometer,  the  mean  of  the  period  29*522  inches. 
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Article  L 

Researcftes  an  a  n^  Mineral  BodyfoiiHd  in  the  Sulphur  extracUd 
from  Pyrites  at  JEMun*    By  J*  Berzelius.* 

t^    1.  Fabrication  of  the  Sulphur  at  Fahltm.    Phenomena  exhi" 
Jbited  iohen  this  Sulphur  ii  employed  for  making  Sulphuric  Acid* 

FYRITES,  which  abound  in  different  j^arts  of  the  copper-miiiey 
are  employed  at  Fahlun  for  the  preparation  of  stdphur.  They  are 
often  mixed  with  galena,  blende,  and  several  other  foreign 
bodies.  They  are  pcEiced  on  a  layer  of  dry  wood,  in  long  hori- 
zontal {umaees,  the  unper  part  of  which  is  covered  with  earth 
and  with  decomposea  pyntes.  The  smoke  passes  from  the 
furnace  into  horizosital  dumneys,  the  firstportion  of  which  is 
constructed  of  brick,  the  last  of  wood.  The  wood  is  kindled 
below,  and  the  heat  causes  the  excess  of  sulphur  to  distil  from 
the  undermost  stratum  of  pyrites.  The  sulphur  in  the  state  of 
vapour  is  carried  off  by  the  hot  air,  and  afterwards  deposited  in 
the  chimney  in  the  form  of  flowers.  When  the.  wood  is  con- 
Slimed,  the  protosulphuret  of  iron  begins  to  bum,  and  to  drive 
off  the  excess  of  sulphur  from  the  stratum  inunediately  above  it« 
III  diis  way  the  operation  goes  on  till  the  pyriti^  arei  antir^ 
iSuitaed.  Kne  powdery  sulphur  produced  by  this  process  con- 
tains a  great  oesd  of  sulpnuric«acid.  It  is  washed  in  water, 
fused  and  volatilized  agam  in  order  to  purify  it.  The  fused 
sulphur  before  it  is  redistilled  is  a  greenish  '^'ass*  with  a 

moiated  finacture;  and  heterogeneous  subiH  to  seen 

'•  Trauslated  from  the  Add.  de  GliiB;  el  PTiyi,  ft.il 
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mixed  with  it.  The  sulphui*  prepared  during  winter  cannot  be 
washed  without  considerable  expense.  It  is,  therefore,  melted 
without  depriving  it  of  the  acid  with  which  it  is  impregnated. 
When  the  fused  mass  is  broken  and  exposed  for  some  days  to 
the  air,  very  acid  drops  exude  from  it,  containing  sulphuric  acid, 
arsenic  acid,  and  sulphates  of  iron  and  tin. 

When  this  distilled  sulphur  is  employed  to  fabricate  sulphuric 
acid  by  combustion,  it  deposits  in  the  bottom  of  the  leaden 
chamber  a  reddish  powder.  This  circumstance  had  been  long 
observed  by'  M.  Bjuggren,  who  was  possessor  of  the  sulphuric 
acid  manujfactory  at  Gripsholm.  He  found  that  the  deposite  was 
not  formed  when  any  other  kind  of  sulphur  was  employed,;  and 
having  been  informed  by  a  chemist  that  the  red  matter  must 
contam  arsenic,  he  gave  over  employing  the  sulphur  of  Fahlun. 

Since  the  manufactory  was  purchased  by  IMM.  Gahn,  Eggertz, 
and  myself,  we  have  always  burned  the  sulphur  of  Fahlun.  The 
red  sediment  which  formed  in  the  Hquid  acid  always  remained 
at  the  bottom  of  the  chamber,  and  had  increased  so  much  in 
quantity  as  to  form  a  stratum  about  a  line  in  thickness.  The 
operation  by  which  the  sulphur  is  acidified  in  this  manufactoiy 
differs  from  that  which  is  usually  employed  in  this  respect,  that 
the  sulphur  is  not  mixed  with  nitrate  of  potash.  Flat  glass 
plates  are  put  at  the  bottom  of  the  cistern  containing  nitric  acid. 
The  sulphurous  acid  by  decomposing  the  nitric  acid  produces 
the  nitrous  gas  necessary  for  the  complete  acidification  of  the 
sulphur.  This  modification  pf  the  process  was  introduced  by 
Mr.  Gustavus  Schwartz,  when,  afler  the  diminution  of  the  size 
•of  the  leaden  chamber,  the  ordiacuy  method  failed  entirely  in 
producing-  sidpburic  acid.  Tlie  method  pf  Mr.  Schwartz  is  more 
isxpensive  ;  but  it  jproduces  a  purer  acid ;  for  while  we  find  five 
*^or  six  per  cent,  of  foreign  substances  m  English  sulphuric  acid, 
that  of  Gripsholm  never  <;ontain&  mere  than  two  per  cent,  aud 
that  merely  sulphate  €rf  lead. 

in  the  glass  vessels  which  -  contain  the  -nitric  acid,  we  find, 

after  the  complete  decomposition  of  the  nitric  acid,  a  eoneen- 

trated  sulphuric  acid,  at  the  bott(mi  of  which  is  deposited  a  red 

or  sometimes  a  brownish  powder.    This  powder  excited  oar 

attention,  iuid  induced  us  to  examine  its  nature  -  more  partieo- 

kirly.    The  quaBtity -of  it>  resulting  from  tfte'eondbuBtion.of 

25Q  killo^rGUnmes  of  sulphur,  did  not  exceed  thvee  gramBiefl. 

•The  principdl-part  of  it  was  sulphur  t  it  took  fire,  «ad  buned 

like  that  bodj^^vbut  k  left  a  bulky  ash,  which,  when  healed 

-before  the  blowpipe,:  gave  out  a  »fcrQn^  smell-  of  horseradfeh, 

tJMMilogoiis  to-that  iwhica  Klaprotii  ^ay»  is  t>rQdnced:whe&4)eyu- 

mm  is  treated  i^tk^  same  way.    After  the:8i|iell  \>eased  to  be 

•^produced/^  *hei^w|aaaaiaed  a-  metallic  ^obule,  which  was  merely 

-lead.  :  Tp  ^p^^ter/tiM  teUurkuniBuppoded  to -be  contained  id  it, 

the  reddish  matter  was  dissolved  in  nitro-muriatic  acid.    It  left 

a  quantity  of  tolphtir  undissolved.  The  liquid,  beihg  mixed  with 
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u  slight  9XC€BB^  of  oaustic  ammonia  (wbich  doeH  not  diMohre  oode 
of  tellurium),  let  fall  a  white  precipitate,  whiehy  when  treated  ivjr 
the  blowrpipe,  gave  out  a  strong  smell  of  tellurium,  and  left  a 
metallic  glooule  of  lead.  The  (]|uantity  of  the  precipitate  was  too 
small  to  extract  tellurium  from  it ;  but  we  considered  it  in  con- 
sequence of  its  smell  of  horseradish  as  a  tellurate  of  lead:  The 
^  liquid  which  had  been  saturated  with  ammonia,  being  evaporated 
to  dryness,  detonated,  and  was  dissipated  without  any  other 
residue  than  some  black  stains  on  the  platinum  crucible  employed 
in  the  process. 

•  I  * 

'  2.  More  particular  Examination  of  t/ie  Substance  which  emitted 
the  Smell  of  Horseradish  when  the  Reddish  Matter  was  burned, 
Experiments  to^  obtain  it  in  a  separate  State. 

The  appearance  of  a  substance  so  rare  as  tellurium  in  die 

sulphur  of  Fahlun,  induced  me  to  endeavour  to  obtain  it  m  a 

.separate  state,  in  order  to  be  able  to  form  more  accurate  notiotis 

respecting  it.    I,  therefore,  took  out  the  whole  mass  which  was 

.at  the  bottom  of  the  leaden  chamber.    While  still  moist  it  had 

.a  reddish  colour,  which,  on  drying,  became  almost  yellow.     It 

weighed  about  4  lbs.     It  was  treated  with  nitro-muriatic  acid, 

added  in  such  quantity  as  to  make  the  mast  into  a  pulp ;  U  was 

then  digested  m   a  moderate  heat.      Its  colour  changed  by 

degrees ;  the  red  disappeared  ;  and  it  became  greenish  yeUow. 

."After  48  hours'  digestion,  water  and  sulphuric  acid  were  added, 

.and  the  whole  was  thrown  on  a  fflter.    The  liquid  which  passed 

through  had  a  deep  yellow  colour.    The  mass  remaining  on  the 

.filtet  had  not  sensibly  diminished  in  bulk.     It  connsled  chiefly 

of  8ul{^iir  mixed  with  sulphate  of  lead  and  with  olher  unpuritieB. 

-A  small  quantity  of  the  filtered  hquid  was  taken  to  find  out  the 

method  of  separating  tibe  substance  which  it  was  presutn^d  to 

contain.    This  portion  Was  precipitated  by  ammonia.    The-pre- 

^i[»tate  being  well  washed  and  dried,  mixed  With  potassium  and 

iteltted  in  a  barometer  tube,   wai^  'decomposed  vrith  ignition. 

When  put  into  water,  si  portion  of  it  was  dissolved,  «id  iJbe 

li^ndr  aasuomed  a  strong  Colour  of  beer>  very  diff^nt  from  the 

-wme-red  colour  communicated  by  hydrotcAluret  of  pottfsh  ;  but 

«ftier  some  hoars,  it  became  muddy,  dejf>odititig  tea  flocks,  the 

quaiitityctf  which  increased  on  tike  addition  of 'nitric  aeid.  'This 

-precipitate  wafr  collected^  and  when  tt  partof  the  filter  oli  ^^6!. 

tt  wasckposited  wad  burned,  it  gave  the cirtrumfefence  of  the 

flame  a-hlae  colouir,  «ad  enntted  a  veiy  strong' smell  ^crf'horse- 

jradash.    A  portion  of  pttire .  tellurium  precipitKted  in  the  'lictme 

^jnanner  firom  a  solution  of  hydrotifluret  ot  p^^tash  bad-til'grey 

<^lour,  gave  a  green  tinge  to  the  circumd^rence  of  thift  fittne, 

and  emitted  no  perceptible  odour  of  horsefadishc  On  €drf«fiimng 

•more  closely  the  purified  telluritfm,  yA  >  iv^rved  in  my 

former,  experiments  on  the  oxide  of  teBi  on  telluretted 

hydrogen  gas,  I  found  that  it  produce!  vH  ^hea 

2c2 
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ezpoBcd  to  ibe  Uow^pipe  nor  when  its  oxide  was  reduced;  and 
that  the  only  way  of  maluiis  it  exhale  such  ana  odour  was  to  heat 
it  ia  a  glass  tabe,  shut  by  &e  finger,  till  the  metal  converted  mto 
Tapour  made  a  hok  in  tne  softened  tube*  It  then  burned  in  tbe 
hole  with  a  bhie  flame,  and  exhaled  an  odour  exactly  similar  to 
that  of  the  red  matter. 
.  These  experiments  appeared  to  me  to  jproTe  that  the  red  sub* 
stance  could  not  be  tellurium;  but  that  tellurium  probabi^ 
contains  different  quantities  of  it,  according  aa  it  has  been  le» 
more  purified. 

As  the  precipitate  above-mentioned  waw  very  mconsiderable, 
I  thought  that  the  alkaline  Uquor  might  still  contaitt  some  of  it. 
I,  therefore,  distilled  it  in  a  glass  retort.  What  eame  over  fint 
was  merely  water ;  but  after  the  mass  began  to  get  solid,  a  sreal 
quantity  of  a  gas  was  disengaged,  which  smelled  strong  of 
horseradish  ;  but  which  was  neiuier  absorbed  by  water,  nor  by 
an  alkaline  fixiyium ;,  though  it  eommmiicated  its-  odour  to  the 
liquid  through  which  it  passed.  In  other  respects,  the  gas  had 
the  properties  of  azote.  A  yeHowkh  liquor  was  condensed  in 
the  receiver,  which  contained  sulphurous  acid,  aad  was  rendered 
muddy  by  a  brown  powder.  Into  the  neck  of  the  retort  bid 
sublimed  a  saline  mass  almost  black ;  and  at  the  bottom  of  it 
remained  a  small  quantity  of  a  yellowish:  salt  which  became  white 
on  coohng. 

The  sulpharous  liquid  in  the  receiver,,  being  filtered  and  raised 
to  the  boiling  temperature  to  drive  off  the  sulphurous  add^ 
became  muddy  a^n,  deposited  brown  flocks,  and  lost  its  odour. 
The  blackj^alt,  being  treated  with  water,  left  undissolved  a  black' 
ish-broi/in  mass,  analogous  to  that  which  the  preceding  Mgp/a 
had  precipitated.  Tbe  solution  was  colourless,  and  contained  a 
mixture  of  muriate  and  sulphite  of  ammonia. 

What  remained  at  the  hpttom  of  the  retort  was  in  «:giil^ 
measure  dissolved  by  water.  There  remained  a  white  powdai^ 
which  was  a  mixture  of  sulphate  of  lead  and  stdii^lphate  of  tin. 
The  dissolved  portion  contained  bisufehate  of  potash  (for  potash 
had  been  added  to  the  liquid  to  save  the  caustic  ammonia),  sul- 
phates of  iron,  zinc,  and  copper* 

The  brown  matter,  insoluble  in  water,  being  examined  man 
closely,  was  found  to  be  the  cause  of  the  pecuhar  odour  already 
mentioned ;  and  by  experiments  which  will  be  immedialelj 
related,  it  was  foimd  to  be  an  elementary  combustible  body 
hitherto  unknown,  to  which  I  have  given  me  name-  of  selenium 
(from  selene,  the  moon),  to  recall  its  analogy  with  tellurimn. 
From  its  chemical  properties  this  body  must  be  placed  between 
sulnhur  and  tellurium,  though  it  has  more  properties  in  common 
witn  sulphur  than  with  tellurium. 

In  the  experiments  made  with  the  first  portions  of  thi^  body 
which  I  had  obtained,  I  found  that  it  coum  be  precipitated  ipam 
its  acid  solutions  by  sulphureitted  hydrogen  gas.'    i  according^ 
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employed  lliis  reagent  to  separate  it  from  the  great  mass  j>t 
Kqttid  which  I  had  obtained  by  washing  the  sulphureous  matter 
not  attacked  by  the  nitro-muriatic  acid.   Sulphuretted  hydrogen 

Eroduces  a  fine  orange  precipitate^  which^  towards  the  end, 
ecomes  a  dirty  yellow.    The  filtered  hepatic  hquor  still  con- 
tained sulphates  of  iron,  zinc,  and  lime. 

a.  The  precipitate  being  well  washed  and  pressed  was  mixed 
with  nitro-muriatic  aeid,  and  digested  for  some  time.  The  solu* 
tion  at  first  was  very  rapid  ;  but  it  gradually  diminished.  Here 
remained  an  impure  sulpnur  which  could  not  be  entirely  dissolved 
except  by  reiterated  digestions. 

b.  The  acid  liquor  was  deoanted  and  water  added  to  it.  A 
copious  white  precipitate  felL  Water  was  added  as  long  as  the 
liquid  becaxne  muady,  and  the  whole  was  then  thrown  on  the 
filter.  The  precipitate  being  well  washed  and  examined  by 
means  of  the  olow-pipe  produced  at  first  a  strong  smell  of  horse- 
jcadish.  There  remained  a  white  powder,  which,  by  means  of 
soda  and  a  little  borax,  was  reduced  into  a  metallic  globule, 
which  possessed  all  the  properties  of  tin.  It  produced  hydrogen 
sas  when  treated  with  muriatic  acid^  it  was  corroded  but  not 
dissolved  by  nitric  acid,  &c.  The  precipitate  obtained,  being 
well  dried,  was  put  into  a  small  glass  retort  and  heated  to  redness. 
There  sublimed  into  the  neck  of  the  retort  a  matter  crystallized 
in  needles,  and  the  oxide  which  remained  bad  lose  the  property 
of  giidng  out  the  smell  of  horseradish  when  treated  by  the  blow* 
pipe,  foe  subHmate  had  a  strong  acid  taste ;  but  pure,  like 
that  of  muriatic  or  sulphuric  acid,  <aud  was  easily  dissolved  in 
ivater.  It  was  an  acid  having  selenium  for  its  radical,  and  of 
vhich  we  shall  examine  the  properties  hereafter^ 

The  liquid  from  which  water  had  precipitated  the  seleniate  <tf 
tin  was  mixed  with  muriate  of  baiytes  as  lon^  as  any  precipitate 
was  produced.  It  was  filtered,  and  evaporated  till  it  began  to 
eidiale  abundant  vapours  of  muriatic  acid.  It  was  then  put  into 
a  retort,  and  distilled  to  dryness.  The  retort  was  then  exposed 
to  a  higher  temperature.  There  sublimed  into  the  upper  part 
^nd  neck  of  the  retort  a  white  substance  in  the  form  of  long 
four-sided  needles ;  and  at  the  bottom  of  the  retort  remained  a 
little  white  matter  with  red  stains. 

d.  The  sublimate  was  removed*  It  had  a  taste  at  first  acid, 
and  afterwards' metallic^  I  considered  it  as  a  volatile  nitrate  or 
muriate  with  excess  of  acid.  I  took  a  portion  of  it,  which  I 
mixed  with  zinc  filings,  and  distilled  the  mixture  in  a  curved 
glass  tube.  Selenium  sublimed  without  any  mixture  of  muriate 
of  zinc,  or  the  disengagement  of  any  gas.  '  I  digested  the  mass, 
fi?hich  remained  unsublimed  in  water,  and  i  the -liquid,  tiioiigh 
mixed  with  nitrate  of  silver,  remained  clear.'  Of  leounNS.  it  con- 
stained  no  muriatic  acid.  Consequentiy  the  siiMiniiii  ve 
selenic  acid;  but  as  it  had  a  metaOic  taste  of  wUiB^  se^ 
icould  be  observed  in  the  acid  obtained  by  the  deoaoo 
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^e  geleniate  of  tin,  I  tlibi^ttht  it  neeesaoiy  to  exaxnine  irliai 
eoukl  be  the  cause  of  this,  f  dissolved  it  in  a  little  water,  and 
iMddedto  it  caustic  ammonia.  It  was  aearoely  rendered  muddy, 
and*  the  acid  ^ich  remained  had  a  metallic  taste.  The  same 
thing  happened  when  I  saturated  the  acid  with  carbonate  of 
soda.  I  mixed  a  third  portion  of  the  acid  with  caustic  potash; 
a  copious,  heavy,  lemon-yellow  precipitate  feU ;  but  the  alkalme 
liqUor  still  retained  a  little  of  its  metalUc  taste. 

«.  The  yellow  precipitate  did  not  change  its  colour  on  drying. 
It  was  volatilized  before  the  blow^pipe.  I  introduced  it  in  coft- 
sequence  into  a  glass  retort,  and  distilled  it  at  a  ned  heat.  It 
gave  out  at  first  water,  and  when  the  retort  began  to  get  red, 
running  mercury.  In  the  retort  remained  some  traces  of  oxUe 
of  tin. .  The  seleniate  of  potash  being  evaporated  to  dryness  aid 
distilled  in  a  retort  at  a  red  heat  gave  still  some  drops  of  nmning 
mercury. 

f.  The  seleniate  of  potash  remaining  at  tjbe  bottom  of  Ae 
retort  was  fused :  on  cooling,  its  colour  became  white.  The 
retort  was  broken,  and  the  salt  reduced  to  powder,  and  mixed 
with  its  own  volume  of  sal  ammoniac  in  powder.  This  mixtue 
was  introduced  into  a  retort,  and  exposed  to  a  graduated  heit 
Water  was  first  diseriga^ed  containing  ammonia,  then  traces  of 
selenium  condensed  in  me  neck  of  the  retort  and  in  the  receiver, 
and  the  excess  of  sal  ammoniac  began.to  subUme.  The  retoit 
was  left  still  soine  time  exposed  to  the  heat,  and  then  withdrawn. 
Water  being  poured  into  the  saline  mass  remaining  in  it,  the 
salt. was  dissolved,  leaving  for  residue  a  coarse  brown  powder, 
which  was  selenium  reduced.  It  was  dried  and  distilled  in  a 
small  retort  but  to  •  purify  it  completely  and  to  procure  it  in  a 
cohering  mass.  The  reduction  of  the  selenium  is  occasioned  by 
the  production  of  seleniate  of  ammonia,  as  well  as  by  tberdisoxy- 
genizing  action  of  the  hydrogen  of  the  ammonia  on  the  selemc 
acid.  As  selenic  acid  saturates  more  ammonia  than  its  oxy^oi 
is  capable  of  deconq>osing,  there  is  disengaged  in  this  operation 
a  portion  of  ammonia  with  the  azotic  ^as. 

g.  The  white  mass,  spotted  red,  which  remained  at  the  bottom 
of  the  retort  (in  e\  consisted  chiefly  of  seleniate  of  barytes,  part 
of  which  could  be  removed  by  water ;  of  seleniate  of  tin ;  sele- 
niate of  copper ;  and  arseniate  of  barytes,  knov^n  by  the  disen- 
gagement ot  vapours  of  arsenic  when  treated  by  the  blow-pipe. 

it  results  from  these  experiments  that  the  selenium  m  the 
sulphur  examined  is  accompanied  by  at  least  seven  other  metal- 
lic oodles ;  namely,  mercury,  copper,  tin,  zinc,  iron,  lead,  arsenic. 
The  process  for  insmlating  the  selenium  will  appear  rather  long, 
and  I  have  since  found  methods  of  rendering  it  shelter.  But  I 
have  chosen  to  describe  it  such  as  I  practised  it ;  because  it 
guarantees  the  absence  of  sulphur,  arsenic,  and  mercury.  The 
sulphur  was  separated  by  the  muriate  of  barytes  ;  the  arsenic 
remained  in  the  st»t«  of  aneniate  of  barytes  vffaen  the  selenic 
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acid  was  sublimed ;  and  the  mercpry  was  driven  off  by  exposing 
the  seleniate  of  potash  to  a  red  heat. 

I  have  found  that  seleniate  of  potash  containing  sulphate  of 
potash  and  oxide  of  mercury,  when  decomposed  by  an  excess  of 
sal  ammoniac,  yields  pure  selenium;  for  me  sulpnate  ofpotash 
is  not  decomposed,  and  the  oxide  of  mercury  driving  ofi  a  por- 
tion of  the  base  of  the  sal  ammoniac  forms  a  double  salt  easily 
soluble  in  water ;  and  the  mercury  is  not  reduced  by  the  hydrogen 
of  the  alkali.  But  the  selenium  thus  obtained  often  contains 
oxide  of  tin  mechanically  mixed,  from  which  it  may  be  purified 
by  distillation.  If,  on  the  other  hand,  we  saturate  with  ammo- 
nia selenic  acid  containing  a  mixture  of  sulphuric  acid,  and 
distil  the  resulting  salt  without  the  addition  oi  fixed  alkali,  we 
obtain  a  selenium  which  contains  a  great  deal  of  sulphur. 

Another  method,  the  object  of  which  is  to  spare  a  part  of  the 
acids,  is  to  distil  the  precipitate  obtained  by  means  of  sulphur- 
etted hydrogen  in  a  glass  retort.  There  is  disengaged  at  nrst.a 
great  aeal  of  sulphuretted  hydrogen  gas,  then  sulphur  comes 
over  containing  a  little  selenium,  and  it  becomes  more  and  more 
impregnated  with  it  as  the  process  j^oes  on.  It  has  the  colour  of 
lesLcl,  a  metallic  lustre,  and  continues  for  a  long  time  elastic. 
Towards  the  end,  we  obtain  in  the  upper  part  ot  the  retort  a 
metallic  substance  crystallized  in  a  confused  manner.  It  is  sele- 
niuret  of  mercury  proceeding  from  the  decomposition  of  sulphuret 
of  mercury  by  selenium  at  a  high  temperature.  At  the  bottom 
of  the  retort  remains  a  mixture  of  sulphuret  of  copper  and  sul- 
phuret of  tin. 

Before  discovering  the  method  of  reducing  selenium  by  means 

'  of  sal  ammoniac,  I  tried  to  accompUsh  it  by  means  of  iron  or 

zinc,  plunging  these  metals  into  acid  solutions  of  selenium.   But 

this  reduction  is  slow,  incomplete,  and  does  not  yield  a  pure 

product.    It  was  for  this  reason  that  I  abandoned  it. 

3.  Selenium  in  a  State  of  Purity. 

When  selenium,  after  being  fused,  becomes  solid,  its  surface 
assumes  a  metallic  brilliancy,  of  a  very  deep  brown  colour, 
resembling  polished  hematites.  Its  fracture  is  conchoidal, 
vitreous,  of  tne  colour  of  lead,  and  perfectly  metallic.  If  melted 
selenium  be  exposed  for  some  time  to  heat,  so  as  to  cool  very 
slowly,  its  surface  becomes  rough  and  granular,  and  of  the 
colour  of  lead.  The  fracture  is  granular,  dull,  and  looks  exactly 
like  a  piece  of  metaUic  cobalt.  If  it  be  again  fused  and  cooled 
rapidly,  its  surface  becomes  smooth,  and  its  fracture  vitreous  as 
at  first.  Selenium  has  very  Uttle  tendency  to  assume  a  crystal- 
lized form.  When  slowly  separated  from  a  solution  of  hydro- 
seieniuret  of  ammonia,  it  forms  on  the  liquid  a  peUicle,  the 
upper  surface  of  which  has  a  pale  leaden  colour,  and  appeant 
smooth ;  while  the  surface  next  the  liquid  has  a  darker  colon 
and  appears  covered-  with  small  pohsned  points.    Under  ill 
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microscope  both  surfaces  present  a  crystaUine  aspect;  that  of 
Ae  upper  surface  is  irregular,  but  oa  the  under  sunace  it  is  em 
to  distinguish  the  small  faces  of  crystals  with  ri^ht  angles,  whica 
appear  cubes  or  parallelepipeds.  In  the  liquid  we  sometimea 
find  the  selenium  deposited  on  the  sides  of  the  vessel  below  tke 
surface  of  the  liquid.  In  that  case  there  is  formed  a  kind  of 
metallic  vegetation,  which,  when  viewed  through  aglass,  appean 
composed  of  prismatic  prystalS|  terminated  in  pyiramids ;  bat 
^wai^s  too  small  to  enable  us  to  det^nime  tne  figure  with 
precision. 

The  colour  of  selenium  varies  a  good  deal.  I  h^ve  said  thit 
when  rapidly  cooled,  its  surface  has  a  very  dark  b^own  cdoar, 
mid  that  its  fracture  has  the  colour  of  lead.  If  by  m^^s  of  ooo 
or  of  sulphurous  acid  we  precipitate  it  cold  from  a  diluted  sok 
tion,  it  assumes  a  cinnabar  red  colour ;  an4  if  we  boil  the  liqud 
with  the  precipitate,  this  last  diminishes  in  bulk^  an4  becontei 
almost  blackp  If  we  mix  an  aqueous  and  verv  weak  s^olution  oi 
selenic  acid  with  sulphite  of  ammonia,  or  with  sulphurous  acid, 
i^  a  glass  which  is  only  half  filled  with  it,  and  expose  it  to  the 
light,  the  sulphurous  acid  gradually  reduces  the  selenium,  sod 
the  liquid  becomes  covered  with  ^  brilliant  pellicle,  which,  after 
some  days,  assumes  the  lustre  of  a  pellicle  of  ^oldt  If  we  remoTe 
it  by  a  piece  of  paper  or  glass,  and  allow  it  to  dry  on  these 
bodies,  it  resembles  a  p^e  gilding,  and  preserves  tl^e  appearance 
without  alteration , 

The  powder  of  selenium  b^us  a  deep  red  colour,  but  it  sticks 
together  readily  when  pounded,  and  tnen  assumes  a  grey  colour 
and  a  smooth  surface,  as  happens  to  antimony  and  bismuth.  In 
very  thin  coats  selenium  is  transparent,  with  a  ruby  red  colour, 
When  heated,  it  softens ;  and  at  2l2^  it  is  semiliquid,  and  melt3 
completely  at  a  temperature  a  few  degrees  higher.  Duripg  its 
coohnj^,  it  retains  for  a  long  time  a  soft  and  semifinid  state^ 
Like  Spanish  wax  it  may  be  kneaded  between  the  fingers  and 
drawn  out  into  long  thready,  which  have  a  great  deal  of  elasti* 
city,  and  in  which  we  easily  perceive  the  transparency  when  they 
are  flat  and  thin,  These  threads  viewed  by  transmitted  light 
are  red ;  but  by  Reflected  Ught  they  are  grey,  awd  have  we 
metallic  lustre, 

When  selenium  is  heated  in  a  retortj,  it  begins  to  boil  fit  a 
temperature  below  that  of  a  red  heat,  It  assumes  the  form  of 
a  dark  yeUow  vapour,  which,  however,  is  not  so  intei^se  as  that 
of  the  vapour  of  sulphur ;  but  it  is  more  intense  than  chlorine 
gas.  The  vapour  condenses  in  the  n^ck  of  the  retort  and  forms 
black  drops,  which  unite  into  larger  drops^  ^  in  the  distillation 
of  mercury. 

If  we  heat  selenium  in  the  air,  or  in  vessels  so  large  that  the 
vapour  may  be  condensed  by  the  cold  air,  a  red  smoke  is 
formed,  which  has  no  particular  smell,  and  which  is  condensed 
fn  |he  form  of  a  cinnabar  red  powder,  yielding  a  species  of 
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flowers,  as  happens  to  sulphur  in  the  same  circumstances.  Hie 
smell  of  horseradish  is  not  perceived  till  the  heat  becomes  great 
enough  to  occasion  oxidation. 

Selenium  is  not  a  good  conductor  of  heat.  We  can  eas3y 
hold  it  between  the  fingers  and  melt  it  at  the  distance  of  one  or 
two  lines  from  the  fingers  without  perceiving  that  it  becomes 
hot.  It  is  also  a  non-conductor  of  electricity.  I  put  a  piece  of 
aelenium  an  inch  in  length  and  a  line  in  diameter  in  contact  by 
one  end  with  the  conductor  of  an  electrical  machine,  and  by  the 
other  with  a  chain  which  was  to  conduct  the  electricity  into  the 
earth.  The  conductor  always  gave  sparks  at  the  distance  of 
three  quarters  of  an  inch  when  another  conducting  body 
approached  it.  When  I  attempted  to  discharge  a  Leyden  phial 
by  the  same  piece  of  selenium,  the  discharge  took  place  with  a 
lone  hissing  noise,  and  a  good  deal  of  the  electricity  re.mained 
ip  me  jar.  If  the  c][iarge  was  very  strong,  the  electricity  passed 
in  the  form  of  a  spark  along  the  surface  of  the  selenium  ;  but  if 
there  was  another  shorter  road,  the  spark  did  not  follow  that 
surface,  83  would  have  been  the  case  if  the  selenium  had  been  a 
conductor,  as  we  observe  with  water,  gilt  pajper,  &c.  But  on 
tjie  other  hand  I  have  i^ot  been  able  to  render  it  electric  by  firic* 
fdon,  at  least  to  a  degree  that  I  could  appreciate  ;  so  that  sele* 
niunQi  cannot  be  reckpned  among  idioelectrics, 

Ijt  is  not  hard :  the  knife  scratches  it  easily.  It  is  brittle  like 
glass,  and  is  easily  reduced  to  powder. 

I  have  found  its  specific  gravity  between  4*3  and  4'32«  It  is 
difficult  to  take  the  specific  gravity  of  it  with  certainty ;  because 
small  cavities  often  occur  in  the  middle  of  its  mass.  Slow  codl- 
ing, which  gives  it  a  granular  fracture,  did  not  appear  to  me  to 
olter  its  specific  gravity, 

4.  Seleninm  and  Oxygen, 

The  affinity  of  selenium  for  oxygen  is  not  very  great.  If  we 
heat  it  in  the  air  without  touching  it  with  a  burning  body,  it  is 
usually  volatilized  without  alteration ;  but  if  it  is  touched  by  flame 
jt  ^ves  to  its  edges  a  fine  sky-blue  colour,  and  is  volatilized 
wim  a  strong  smell  of  horseradish.  The  odorous  substance  is 
a  gaseous  oxide  of  selenium,  which,  however,  I  have  not  been 
aUe  to  obtain  in  an  isolated  state,  and  without  being  mixed  with 
atmosphepp  air.  This  o:i^ide  does  not  appear  to  possess  the 
properties  of  combining  with  acids,  and  of  course  belongs  to 
the  same  class  of  oxides  as  carbpnic  oxide.  To  these  I  nave 
giv.en  the  name  o(  suboxides. 

Oxide  of  Selenium. — If  we  heat  selenium  in  a  close  phial  filled 
lyith  common  air  till  the  greatest  part  of  it  is  evaporated,  the 
air  of  the  phial  acquires  the  odour  of  oxide  of  selemumina  very 
high  degree.  If  we  wash  *^«  air  with  pure  water,  the  liquid 
acquires  the  odour  of  thi  it  as  thf  re  are  always  formed 

ffape^  of  seleuic  acid;  ihif  V^^  perty  of  r^ddeon 
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ing  litmus  paper  feebly,  and  of  becoimng  muddy  when  mixed 
with  Bulphi^ettedi  hydrogen  gas.  If  we  remove  mis  first  water, 
the  air  still  retains  a  great  part  of  its  smell ;  and  if  we  wash  it 
with  a  new  quantity  of  water^  this  addidcmal  Uquid  s^Bumes  the 
smell  without  being  pneoipitable  by  sulphuretted  hydrogen  pM, 
or  giving  any  traces  of  containing  an  acid.  Selenic  oxide  gas 
is  but  very  little  soluble  in  water,  and  does  not  conmiunicate 
any  taste  to  it.  This  oxide  is  likewise  produced  when  sulplraiet 
of  selenium  is  dissolved  in  nitromuriatic  acid.  If  the  nitnc  acid 
is  decomposed  before  all  the  sulphuret  is  decomposed,  the  sele- 
nic acid  is  in  that  case  decomposed  also,  and  selenium  is 
reproduced,  which  precipitates  in  the  form  of  a  red  powder,  ffld 
the  liquid  exhales  an  almost  insupportable  odour  of  horseradkli. 
If  we  distil  together  a  mixture  of  selenium  and  selenic  acid, 
Ihere  is  disengaged  likewise  a  little  of  this  fetid  gas  ;  but  the 
greatest  part  of  the  mixture  subUmes  without  alteration.  I  ha^ 
not  made  the  experiment  of  passing  them  together  through  i 
red  hot  tube  ;  in  which  situation  the  decompo£tion  would  pro- 
bably be  complete. 

Selenic  oxide  gas  does  not  combin,e  with  the  caustic'  alkaliei 
by  the  moist  way ;  but  the  solutions  of  them  assume  the  odoor 
of  it,  as  is  the  case  with  pure  water. 

Selenic  Acid, — If  we  heat  selenium  in  a  lar^e  flask  filled  with 
oxygen  gas,  it  evaporates  without  combustion,  and  the  gas 
assumes  the  odour  of  selenic  oxide,  just  as  would  have  happened 
if  the  sublimation  had  taken  place  in  common  air;  but  if  we 
heat  the  selenium  in  a  glass  ball  of  an  inch  in  diameter,  in  which 
it  has  not  room  to  volatilize  and  disperse ;  and  if  we  allow  a 
current  of  oxygen  gas  to  pass  through  this  ball^  the  selenium 
takes  fire  just  when  it  begins  to  boil,  and  bums  with  a  feeUe 
flame,  white  towards  the  base,  but  green  orgreeni'sh  blue  at  the 
summit,  or  towaids  the  upper  edge.  Tme  oxygen  gas  is 
absorbed,  and  selenic  acid  is  sublimed  into  the  cold  parts  of  the 
i^paratus.  The  selenium  is  completely  consumed  without  any 
residue.  The  excess  of  oxygen  gas  usually  assumes  the  odour 
of  selenic  oxide. 

If  we  pour  nitric  acid  upon  selenium  and  heat  the  mixture,  the 
seleniimi  dissolves  with  vivacity.  At  a  low  temperature  this 
acid  scarcely  attacks  it.  If  the  selenium  be  in  powder  or  in 
small  frc^ments,  these  parts  agglutinate  together  ;  and  towards 
the  end,  when  the  concentrated  Uquid  becomes  boiling  hot,  the 
selenimn  melts,  and  forms  black  drops,  which,  buoyed  up  by  the 
bubbles  of  nitrous  gas  attached  to  tnem,  swim  upon  the  surface 
of  the  liquid.  If  the  liquid  be  now  allowed  to  cool  slowly,  it 
deposits  large  prismatic  crystals,  longitudinally  striated,  whidi 
have  a  close  resemblance  to  those  of  nitrate  of  potash. 

Selenium  dissolves  still  more  rapidly  in  nitromuriatic  acid : 
the  same  selenic  acid  is  produced ;  and  the  body,  by  this  way, 
cannot  be  united  ta  a  greater  proportion  of  oxygen.     Even  nAtea 
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sidphuric  acid,  selenic  acid^  and  peroxide  of  manganese,  are 
distilled  together^  the  selenium  does  not  unite  with  an  addi- 
tional dose  of  oxygen,  but  oxygen  gas  is  disengaged,  and  there 
are  formed  a  sulphate  and  a  sefeniate  of  manganese. 

If  the  nitromuriatifc  acid  isolution  of  setbtiimn  be  evaporated 
in  a  retort,  the  nitric  and  muriatic  acids  coime  over  first,  and  the 
selenic  acid  remains  in  the  retort  in  the  state  of  a  white  saline 
mass,  which  sublimes  at  a  higher  temperature.  The  acid  does 
not  melt ;  but  it  diminishes  a  little  in  bulk  at  the  hottest  place, 
and  then  assumes  the  gaseouis  form.  Selenic  acid  gas  has  a 
deep  yellow  colour,  but  not  so  deep  as  that  of  selenium  itself. 
Indeed  it  would  be  difficult  to  distinguish  it  from  chlorine  gas. 
I  have  not  been  able  to  determine  the  temperature  at  which 
selenic  acid  is  converted  into  vapour ;  but  if  we  heat  a  mixture 
of  sulphuric  acid  and  selenic  acid,  the  latter  acid  sublimes  firbt ; 
and  when  it  is  almost  completely  volatitized,  the  sulphuric  acid 
begins  to  rise. 

Selenic  acid  condenses  in  the  cold  part  of  the  apparatus  in 
the  form  of  very  long  four-sided  needles.  If  the  retort  be  large, 
they  may  have  the  length  of  two  inches,  or  even  more.  If  me 
part  of  the  retort  in  which  the  acid  is  condensed  be  rather  hot, 
the  acid  is  deposited  in  a  white,  dense,  semitransparent  mass.  . 
At  the  instant  that  selenic  acid  is  taken  out  of  the  retort,  it 
has  a  dry  aspect  and  a  pecuUar  lustre ;  but  when  left  in  the  air, 
the  crystals  adhere  to  each  other,  and  the  lustre  becomes  dull ; 
but  they  do  not  become  hquid.  The  reason  of  this  is,  that  the 
crystals  combine  with  the  water  of  the  atmosphere,  and  produce, 
ao  to  speak,  a  salt,  having  water  for  its  base.  A  similar  pheno- 
menon takes  place  with  vitreous  boracic  acid.  This  affimty  acts 
with  a  great  deal  of  rapidity ;  so  that  it  is  difficult  to  weigh  a 
portion  of  the  selenic  acid  without  its  absorbing  during  the  ope- 
ration a  sufficient  quantity  of  moisture  to  alter  its  weignt.  When 
the  acid  is  afterwards  heated,  it  loses  its  water,  which  distils 
over  for  a  long  time  before  the  acid  begins  to  be  volatiUzed. 

Selenic  acid  has  a  pure  acid  taste,  which  leaves  a  slightly 
burning  sensation  on  the  tongue.  When  in  the  gaseous  form  it 
has  the  sharp  odour  which  usually  distinguishes  acids,  without 
having  any  peculiar  to  itself.  It  is  very  soluble  in  cold  water, 
and  dissolves  in  almost  every  proportion  in  boiUng  virater.  A 
saturated  solution  of  selenic  acid  in  water  crystallizes  when 
rapidly  cooled  in  small  grains,  and  when  slowly  cooled  in  striated 
pnsms.  These  crystals  consist  in  a  combination  of  selenic  ddd 
and  water.  The  solution^  when  evaporated  spontaneously,  gives 
acicular  crystals  arranged  in  stars.  Selenic  acid  dissolves  with 
faciUty  and  in  great  abundance  in  alcoho*  ^^  we  distil  an  alco- 
holic solution  of  it,  the  product  has  9'  ^  etherial  smell,, 
between  that  of  mtric  and  sulphuric  eft  ig^  ♦^*  nn*uitity 
of  ether  produced  in  my  experiments  'i  \v*  epa- 
rated  when  the  ethereal  alconol  was  flniAai             i  ae. 
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At  the  same  time  a  portion  of  the  selenium  is  reduced,  and  dij 
•elenic  acid  remains  in  the  retort,  coloured  red  by  the  radical 
reduced.  If  we  distil  a  mixture  of  sulphuric  acid,  selenic  aeid, 
and  alcohol,  we  obtain  a  product  having  an  insupportable  odoar, 
and  a  great  deal  of  selenium  is  reduced.  The  very  disagreeable 
smell  of  the  product  prevented  me  from  examining  it.  We  do 
i^ot  always  obtain  at  each  operation  equal  quantities  (Tom  the 
same  proportions  of  the  materials. 

Selenic  Acid  and  Muriatic  Acid. 

Selenic  acid  seems  to  have  no  particular  affinity  with  the  acUi 
which  contain  water,  since  it  is  easily  separated  from  them  1^ 
distillation  without  exhibiting  any  phenomena  which  would  iocb- 
cate  combination.  But  it  has  tne  property  of  combining  wik 
anhydrous  muriatic  acid,  producing  a  double  acid  similar  to  those 
which  phosphoric  acid,  caroonic  acid,  8cc.  form  with  muriatic  add. 

If  we'  put  selenium  into  a  small  glass  globule  formed  in  the 
middle  oi  a  barometrical  tube,  and  introduce  into  it  chlorine  gas, 
thia  gas  is  absorbed  by  the  selenium,  which  becomes  hot,  liqoi- 
Jles,  and  forms  a  brown  coloured  liquid.  More  chlorine  gM 
being  introduced,  additional  quantities  of  it  are  absorbed  till  the 
acid  IS  converted  into  a  white  soUd  mass,  composed  of  muriatic 
and  selenic  acids  free  from  water.  If  we  heat  this  double  acid, 
it  contracts  a  little  without  melting,  and  then  evaporates  in  the 
fii>rm  of  a  yellow  vapour,  just  as  selenic  acid  itself  does ;  and 
condenses  upon  the  cold  part  of  the  apparatus  in  the  form  of 
small  white  crystals.  If  we  continue  the  sublimation,  the  snhr 
limate  becomes  hot,  and  assumes  the  form  of  a  white,  dense, 
semifluid  mass,  which,  on  coohn^,  becomes  filled  with  small 
cavities.  It  dissolves  in  water,  vnth  the  evolution  of  heat,  and 
with  a  kind  of  effervescence,  occasioned  by  a  gas  which  is  agaia 
condensed  by  the  liquid.  The  solution  is  colourless,  limpid,  and 
yery  acid. 

f{  ^e  mix  the  double  anhydrous  acid  with  selenium,  the  acid 
immediately  assumes  a  yellow  colour  at  the  place  where  it  is 
touched  by  the  selenium ;  and  if  we  apply  heat,  the  two  bodies 
combine  and  form  an  oily  body  of  a  brownish-yellow  colour, 
transparent,  and  volatile ;  though  a  greater  degree  of  heat  is 
necessary  to  distil  it  over  than  is  required  by  the  double  acid, 
The  oily  body  sinks  to  the  bottom  in  water,  and  remains  for  a 
little  in  a  liquid  state ;  but  the  water  gradually  decomposes  it, 
separating  from  it  muriatip  ^cid  and  selenic  acid,  and  leaving  the 
selenium  preserving  the  form  of  the  oily  body.  But  it  is  diffi- 
cult to  deprive  it  entirely  of  the  muriatic  acid  :  and  it  has  always 
happened  to  me,  after  having  pulverized  the  refiikinin^  selenium 
and  digested  it  in  boiling  water,  that  }iie  pa{)er  on  which  I  dried 
It  became  friable  by  the  influence  of  a  portion  of  muriatic  acid 
which  was  disengaged  during  the  drying. 

(To  be  e^nttrmed.) 
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Articlb  II. 

Observations  on  the  Measuring  of  the  Aisles  ofCrystats. 

By  M,  Haily  * 

When  I  composed^  20  years  ago,  my  Traitfi  de  MineraIogi«y 
my  collection,  which  was  not  very  far  from  its  commencement, 
was  affected  by  the  rarity  of  regular  and  wdl-defined  crystals 
among  us.  It  was  almost  solely  with  these  feeble  means  that  I 
undertook  to  apply  my  theory  to  all  the  rarieties  hitherto 
described,  adding  those  that  were  new  to  myself.  It  is  well 
known  that  the  study  of  such  bodies  requires  a  co{»ous  collec- 
tion in  order  to  be  able  to  find  crystals  free  from  those  accidental 
circumstances  which  alter  the  level  of  the  surface  and  occasion 
perceptible  differences  between  their  inclinations  and  those 
derived  from  invariable  laws  of  structure.  These  accidental 
deviations  occasioned  some  of  the  inaccuracies  into  which  I  fell, 
notwithstanding  all  my  care,  and  which  I  should  have  avoided  had  I 
been  possessed  of  different  crystals  of  the  same  variety  to  verify 
my  observations.  Other  inaccuracies  were  occasioned  by  imper- 
fections of  which  I^was  aware,  without  being  able  to  extricate 
myself  from  the  imcertainties  to  which  they  gave  rise.  In  such 
cases  I  took  care  to  mention  that  I  did  not  guarantee  the  accu- 
racy of  the  measurements.f 

Such  is  the  fate  of  works  which  constitute  tbe  foundation  of  a 
great  system,  especially  those  which  result  from  a  multitude  of 
delicate  researches.  Some  of  them  indeed  exhibit  the  requisite 
degree  of  accuracy,  but  others  still  leave  uncertainties  to  be 
cleared  up,  by  the  investigation  of  objects  which  admit  more 
decisive  conclusions. 

The  great  increase  of  my  collection  since  the  publication  of 
my  treatise,  has  put  it  in  my  power  to  correct  many  of  my  old 
determinations..  Some  of  these  corrections  have  been  consigned 
in  my  Tableau  Comparatif ;  and  since  the  pubUcation  of  that 
book,  I  have  continued  to  occupy  myself  witn  the  same  subject, 
proposing  to  insert  the  new  results  which  I  have  obtained  in  the 
second  edition  of  my  Trait^  de  Mineralogie,  which  I  am  prepar- 
ing for  the  press. 

I  had  no  other  instrument  for  the  determination  of  the  angles 
but  the  goniometer  invented  by  M.  Carangeot,  by  means  of 
which  one  can  scarcely  hope  to  come  nearer  the  truth  than 

«  Translated  from  the  Journal  de  Physique,  IxxxTii.  233.    (October,  ISie.) 
f   When  treatinfi^  of  the  crystals  of  oxide  of  tin  (Trait6  de  Mineralogie,  i?.  153), 
I  employed  considerations  derived  from  the  law  of  symmetry,  which  led  i 
infer  a  dliference  between  the  primiti?e  form  of  this  mineral  and  the  cube 
which  it  does  not  deviate  far.-    But  the  only  crystals  which  I  had  (iIm 
gnadtt)  did  not  enable  me  tp  verify  my  notions.     I  pointed  cot  the  difei 
mj  Talileaa  Comparatif^  pp.  284  a'nd  283. 
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within  half  a  degree,  or  the  third  of  a  degree  when  the  mstBl 
measured  possesses  every  desirable  perfection.  But  the  method 
which  I  had  adopted,  and  whioh  i  shall  immediately  explain, 
seemed  to  put  it  m  my  power  to  dispense  with  a  greater  degree 
of  precision,  by  giving  me  a  means  of  knowing  firom  theory  die 
term  at  which  I  ought  to  stop,  amid  the  various  results  which  I 
obtained  sometimes  on  one  side,  and  sometimes  on  another. 

As  the  sciences  advance,  those  who  cultivate  them  invent  new 
methods  of  determining  witii  more  precision  the  quantities  which 
serve  as  data  for  the  solution  of  problems.  The  repeating  ciick 
of  Borda  furnished  one  of  these  methods  to  astronomy  and 
geodesy.  Malus  employed  it  to  measure,  by  means  of  the  angles 
of  incidence  and  reflexion  of  light,  the  angles  of  different  natmal 
bodies,  which  he  wished  to  employ  for  the  development  of  his 
beautiful  theory  of  double  refraction.  Dr.  WoUaston,  to  whim 
the  sciences  lie  under  so  many  obligations,  has  contrived  another 
very  ingenious  instrument,  founded  on  the  same  prindde 
expressly,  for  the  use  of  crystallography.  The  smallness  of  tne 
size,  far  from  being  a  reason  for  excluding^crystals,  is,  iohis 
instrument,  rather  a  motive  of  preference.  This  is  a  prerogatire 
which  this  distinguished  philosopher  enjoys  to  be  able  to  employ 
the  method  furnished  by  physics  and  chemisrtry  to  determine  at 
one  time  the  angles,  at  another  the  constituents  of  a  Substance, 
almost  too  smsm  to  be  perceived,  and  which  seems  to  borrow 
from  the  extreme  dexterity  of  the  hand  who  performs  the  expe- 
riment what  it  wants  in  bulk  and  weight. 

Mr.  t'hillips,  who  has  successfully  practised  the  art  of  hand- 
ling this  instrument,  has  published  m  the  Transactions  of  the 
Geological  Society  of  London,  the  results  of  his  measurement  of 
the  angles  of  a  variety  of  crystals  ;  and  without  comparing  them 
with  those  which  I  have  obtained,  it  is  merely  necessary  to  con- 
sider the  way  in  which  the  instrument  is  constructed  and 
graduated  to  be  entitled  to  conclude  that  the  ordinary  goniometer 
IS  unable  to  contend  with  it,  and  that  we  have  no  reason  to 
hesitate  about  the  choice  whenever  we  wish  to  obtain  the  requi- 
siteprecision  in  the  measurement  of  the  angles  of  crystals. 

The  results  of  Mr.  Phillips,  who  had  no  knowledge  of  most  of 
the  rectifications  which  I  have  made  of  my  old  measurements, 
point  out  very  sensible  differences  with  several  of  those,  Which 
seem  to  complete  the  proof  of  the  pre-eminence"  of  the  reflecting 
goniometer.  And  the  kind  of  disgrace  into  which  they  have 
a  tendency  to  bring  the  one  of  which  1  made  use  may  even  be  a 
reason  for  doubting  if  my  theory  be  as  well  proved  as  I  believed 
it  to  be,  and  whetner  it  ought  not  even  to  be  rejected,  as  not 
being  able  to  exhibit  in  its  applications  that  accuracy  which 
constitutes  the  essence  of  every  theory. 

I  prc^se,  therefore,  to  show,  that  my  theory,  in  the  state 
into  which  it  has  been  brought  by  the  new  attempts  which  1 
have  made  to  complete  it,  cannot  leave  any  doubt  respecting 
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the  accuracy  of  the  results  deduced  from  it ;  that  the  determina- 
tions of  the  primitive  forms  on  which  I  haVe  fixed,  lea  j,  with 
'regard  to  the  secondary  forms,  to  the  true  laws  of  decrement  on 
which  these  forms  depend ;  and  that  the  measurements  made  by 
the  reflecting  goniometer  itself  confirm  the  existence  of  those 
iaws. 

I  add  that  the  application  of  the  theory  to  the  mineralogical 
method  has  likewise  all  the  accuracy  necessary  to  make  the  forms 
of  the  molecules  contribute  to  the  distinction  of  the  species. 

Finally,  without  excluding  in  certain  particular  cases,  the  use 
of  measures  obtained  by  the  reflecting  goniometer,  I  am  con- 
vinced that  those  obtained  by  the  common  goniometer,  which 
have  the  advantage  of  being  at  once  direct  and  rapid,  are  suffi- 
icient,  either  to  determine  a  new  variety,  or  to  ascertain  to  which 
•of  the  varieties  already  classed  in  the  method  the  crystal  under 
.examination  belongs,  though  neen  only  for  the  first  time. 

I  shall  give  three  examples  in  support  of  what  I  have  just  said. 
The  first  two,  namely,  quartz,  and  oxide  of  tin,  have  been 
chosen  from  those  of  which  the  determinations  have  been  pub- 
lished either  in  my  Treatise,  or  my  Tableau  Comparatif.  With 
the  last,  sulphate  of  lead,  I  have  occupied  myself  more  recently. 
I  shall  compare  the  results  obtained  by  the  two  gonioiaeters ; 
-and  I  shall  draw  from  the  comparison  consequences  which 
appear  to  me  to  guarantee  the  truth  of  all  that  I  have  advanced. 

Quartz, 

Though  the  crystals  of  quartz  be  subject  to  several  anomahes 
*^hich  occasion  slight  variations  in  the  position  of  their  faces, 
.aspecially  of  those  which  are  parallel  to  the  axis  ;  yet  it  isr  not 
difficult  to  fiiKl,  among  the  great  variety  deposited  in  cpUectiqns, 
some  possessed  of  ail  the  requisite  regularity  for  mec}ianical 
measurement.  Such  in  particular  are  those  called  hj^acinths  of 
composteltay  many  of  which  are  isolated  and  complete,  and  all 
the  fkces  of  which  are  «mooth  and  perfectly  level. 

With  respect  to  these  crystals  then,  I  was  in  a  favourable 
situation  to  oring  the  ratio  of  their  dimensions  to  a  simple  Umit, 
capable  of  leading  to  results  sensibly  the  same  with  those  of  the 
crystaUation. 

I  took  for  a  datum  the  inclination  of  one  of  the  faces  of  the 
pyramid,  such  as  P  (fig.  1,  Plate  XCII.)  on  the  adjacent  face  r. 
I  found  that  it  was  between  1414-^  and  142^.  1  supposed  it 
141|-°.  On  this  hypothesis,  if  frx)m  the  centre  c  of  the  base  of 
thepyrtoiid,  of  which  c  ^  is  the  axis,  we  draw  the  perpendicular 
c  r  to  one  of  the  sides,  and  then  the  line  r  s,  we  shall  have  c  r  s 
=  51°  45'  and  c  r  :  c  s  ::  sin.  38°  15'  :  sin.  51°  45'.  To  have  the 
ratio  cries  expressed  in  radical  quantities,  I  take  the  loga- 
rithms of  the  squspres  of  these  two  sines,  and  seeking  in  the 
table  of  natural  numbers,  those  to  which  they  correspond,  I 

obtain  c  r  :  c  s  i:   \/"3833  :  </  6167,  or  nearly  ::  a/^SS  :  v1S2 
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or  ::  a/TsT:  a/sT.  ThU  gives  us  c  r  $  .;si  5P  66'  and  c  tr^ 
38^  4'y  the  first  of  which  is  too  great,  and  the  aecond  too  biM 
in  consequence  of  the  quantities  Q^lectedv  '  il  tiee  that  if  I  add 
unity  to  each  of  the  terms  of  the  nttio^  c  r.inll  be  ooDie  m- 
mented  in  proportion  than  cs,  which  has  a  tendency  to  antke 
the  two  angles  approach  to  the  result  given  by  obaervatioiL  I 

shall  then  have  cries::  \^  20  :  Vl2,  or  ::  VT:  V^.  Thi 
the  ratio  has  all  the  requisite  simplicity  to  give  it  the  character 
of  a  limit.  This  ratio  gives  51^  4(/  for  the  measure  of  the  ande 
c r  Sf  and  141°  40'  16" for  the  incidence  I  s  £  orlgd  w,  rewwi 
which  approach  very  nearly  to  the  mechanic^  nieaaurement. 
On  the  same  hypothesis,  the  ratio  of  the  two  dexui-diagoo>b 

g  and  p  of  the  faces  of  the  primitive  rhomboid  is  that  of  ^Hft 

to  \/  13 ;  and  the  cosine  of  the  angle  which  measures  the  simB- 
est  incidence  of  the  faces  of  the  rhomboid  is  i^th  of  raditty 
which  gives  for  that  incidence  85^  36',  and  for  the  greatest 
94°  24'.  Setting  out  from  the  same  ratio,  we  have  133°48'46'' 
for  the  angle  which  two  adjacent  faces  on  the  same  pyranid 
make  with  each  other. 

We  find  in  the  beautiful  work  published  by  Maliis  oh  douUc 
refraction  a  determination  of  the  mutual  incioences  of  ihe  face& 
of  a  rhomboid  of  quartz  which  this  celebrated  pbilo^opbier  ascer- 
tained by  reflection  making  use  of  th'e^'repe^ting.  oirde.rHit 
gives  94°  16'  for  the  greatest,  and  86®  44'  for  1^  si4^€;^t.*^. 

I  was  curious  to  know  how  far  the  differences  between  th^twa 
measurements  would  go  relatively  to  the  other  ihcicLencesj^luid 
what  would  be  the  ratios  between  the  pnncipal  dixnerisionB  of 
the  rhomboid  of  quartz  which  would  xesult  fronn  BCalus's  mea- 
surement.   I  found,  byjbllowing  a  method  sim3arJx>11iatii£Kli 

led  me  to  the  ratio  V  5  ;  V  H,  that  in  the  present  hypotbcfis, 
we  should  have  g  :  jp  ::  V^  718  :  V  636 ;  that  the  coakiEJ>f.1iie 
smallest  incidence  of  the  faces  would  be  tHt  of  radius,  and4it 
the  ratio  between  c  r  and  e  s  would  be  v'  1157  to  V  718.  Wc 
should  have  for  the  incidence  of  I gs  or  g  t  s  133^  44'  46^ 
iostead  of  133°  48'  46",  making  a  difference  of  4'. 

We  might  substitute  for  the  ratio  a/ 1137  to  \/"7T5  betw^ 

c  r  and  c  s  that  of  a/  l4y  to  */  240,  which  is  more  simple,  and 
which  gives  only  half  a  minute  of  difference  in  the  angles  that 
depend  upon  it  from  those  obtained  by  the  first  raticf  Tti& 
suggests  a  refl.ection  which,  I  think,  I  ought  not  to  omit. 

If  I  were  to  show  to  a  mathematician  the  ratio  of  a/  149 1© 

a/  240,  informing  him  that  it  is  the  tatio  which  exists  in  the 

«  Theorle  de  la  Double  Refraction,  p.  242.  Mr.  PbiUips  gives  94^  15'  aod 
85*  45',  which  differs  only  1'  from  the  result  of  Mains.  It  was  occasioned  by  Uh 
PbiUips'  goniometer  being  only  divided  into  five  and  five  minutes. 

f  M.  Mains  appears  to  have  neglected  the  seconds  in  measuring  tbe  aoglet 
quoted  in  the  text. 
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I^rramid  of  quartz  between  the  perpendieular  drawn  from  the 
<^entre  of  the  base  on  one  of  the  sides,  and  the  length  of  the 
axis ;  it  is  very  probable  that  after  having  considered  it,  he 
should  find  a  small  correction  to  make  in  it  m  order  to  transform 
it  into  another  ratio  much  more  simple.  It  would  be  necessary 
merely  to  add  a  single  unity  to  the  last  figure  of  the  term  V^T49, 
and  then  the  ratio,  by  dividing  both  teniis  by  30,  would  become 
that  of  \/Tto  Vli',  which  is  precisely  that  to  which  I  arrived. 
I  would  answer  that  the  great  precision  of  the  instrument  which 
I  ^o^loyed  does  not  allow  me  to  alter  it.  He  might  ask  me  to 
how  much  the  difierence  of  the  inclination  *  of  the  faces  of  the 
pyramid  given  by  that  ratio  and  by  that  resulting  from  the  ratio 
v^  to  v^  would  amount.  If  I  should  tell  him  that  it  amounted 
to  4\  I  doubt  whether  he  would  not  be  tempted  to  throw  it  rather 
npon  the  observation  than  to  ascribe  it  to  nature. 

Oxide  of  Tin. 

In  the  determinations  which  Mr.  Phillips  had  published  of 
the  crystalline  forms  relative  to  the  mineral  substances,  which 
have  been  the  subject  of  the  preceding  articles,  he  has  merely 

fiven  the  inclination  of  the  faces  of  the  primitive  form :  I  have 
educed  from  these  inclinations  those  of  the  faces  produced  in 
Alt  secondary  forms  by  virtue  of  the  laws  of  decrement,  and  I 
have  compared  with  them  those  which  I  deduced  from  the  ratio 
adopted  between  the  principal  dimensions  of  the  primitive  sohd, 
as  oeing  a  limit,  the  choice  of  which  is  pointed  out  by  the  cha- 
racter c»  tinqplicity.  Mr.  Phillips  has  been  much  more  difiiise 
with  respect  to  oxide  of  tin.  He  has  measured  immediately  the 
different  inclinations  of  the  faces  which  terminate  the  secondary 
fbnns^;  no  that  here  i  shall  have  it  my  power  to  compare  him 
with. himself;  and  what  wiD,  I  hope,  render  this  comparison 
morfe  instructive  and  more  interesting,  a  part  of  these  inclinations 
are  independent  of  the  primitite  angles,  and  are  derived  solely 
from  the  laws  of  decrement  whose  existence  cannot  be  called  in 
question. 

The  primitive  form  of  oXlde  of  tin,  as  I  have  given  it  in  mf 
Tableau  Comparatif,  is  an  octahedron  (fie.  2),  in  which  the 
commbit  base  of  the  two  pyramids  of  whicn  it  is  composed  is  a 
square.  The  ratio  which  1  have  adopted  between  its  principal 
dimensions  is  such  that  the  obhque  edre  b  s  (fig.  3)  of  the 
pyramid,  and  the  demi-diagonal  6  c  of  its  oase,  are  to  each  other 

as  the  numbers  7  to  3,  which  gives  \/  40  for  the  value  of  the 

«  We  mii^bt  have  taken  for  the  randamental  asfle  that  which  is  deriTed 
thin  inclinatioo,  as  wHl  as  that  between  the  faces  of  the  rhomboid*  and,  in 
case,  the  instrument  to  agree  with  itself  must  have  fiven  immediately  tht  f 
1SS0  44'46".  • 

VoL.XIIl.  N<>VI.  21) 
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demi-diagOiul  be  ^fits  base,  smd  ./^  fbt  ibi^Jlif  tb^ |M^>^^ 
cnlardrawn  from  fhecent^  upon  one' of  tJie  Braes.* 

Among  tJie  difierent  angles  whidi  tbe  f^tof  dC  the  crystals  of 
oxide  of  tin  make  with  each  other,  there  is  .one  which  partrcn- 
lariy  fixed,  the  atteation  of  Mr.  Phillips ;  that,  namely,  whicli 
measures  the  incidence  of  <  or  g  (fig.  4)  in  the  variety  which  1 
hare  called  bhsexdecitnale.  He  was  desirous  to  compare  this 
incideQce,  such  as  my  theory  indicates,  with  that  which  the 
leflectiog  goniometer  would  have  given :  and  as  die  instnuiwil 
which  he  poBsessed  was  only  graduated  to  5',  he  borrowdt^  dqe 
of  Mr.  Carey,  which  was  graduated  to  half  minute*,  tit 
angle  measured  by  this  instroment  was  133°  32'  3(/  .  Aocori- 
iott  to  my  theory,  it  is  133°  29'  29".     Difference  3', 

mt.  jpoillips  naving  determioed  all  the  other  angles  bj  )m 
or^ary  goniometer,  I  have  chosen  the  one  jiist  mentioaed  in 
preference,  to  deduce  from  it  geometrically  uiese  same  angUs, 
and  to  compare  them  with  those  which  Mr.  Phillips  obtained  liv 
gnechanical  measurement.  The  ratio  which  I.  have  employed  is 
that  of  c  r  to  c  5  (fig.  3),  between  the  perpendicular  drawn  (torn 
the  centre  of  the  base  of  the  pyramid  a  ks  i^  and  one  of  the 
sides  such  as  a  i.  I  have  found  that  in  ord«r  to  answer  the 
eod  ^(^Kwed,  wa  most  make  c  r  =  */  7^,  and  e  s  sa   4/317. 

Here  a  remaik.  occurs  analogous  to  that  which  I  Boade  9ilh 
respect  to  quartz.  If  we  multiply  by2thetw(>twiaiofUie  ratki, 
we  obtain  V  1404  and  ^/  634.  Taking  away  fivm  both  sides 
the  last  cypher,  and  then  dividing  by  7,  we  have  e  r  :  e  »':: 
V  20  :  3.    Kow  this  is  the  ratio  which  I  adopted. 

I  shall  now  go  over  the  different  foces  oi  the  sawe  vari^, 
and  make  a  comparison  of  the  results  obtained  by  the  di^fsot 
methods  respectme  their  incidences.  I  shall  divide  them  ^liio 
two  series,  one  of  which  will  comprehend  the  tenainal  fitus 
P,  S  (fig.  4),  and  the  other  the  lateral  &ceB  S,r,l.  , 

Termtnal  Faces, — We  have  here  three  kin£  of  results  to  CQlfi- 
pare;  namely,  1.  Those  to  which  the  theory  condupffi  tjf; 
2.  Those  determined  by  Mr.  PhiUip^by  mean^  of  the  r^eotiiig 
goniometer ;  3.  Those  which  he  ought  to  have  obtained  V3,  otiet 
to  agree  with  himself ;  that  is  to  say,  those  to  which  we  an  led 
by  calculatkig  firom  his  own  data.  I  shall  denote  these  tftfpc 
t^ulta  by  the  letten  T,  G,  C. 

Incidence  of  P  on  P"— T,  e?"  42*  32";  C,  67<»  48'  4";  G. 
67°  60*.    Diff.  with  T,  T  28" ;  and  with  C,  1'  66". 

Incidence  of  P  on  P— T,  133*  36'  1«"!  C,  133"  32' 38". 
Diff.  between  T  and  C,  3'  40".— Mr.  Fhillipi  has  not  given  the 
measure  of  this  inddeaoe. 


«^ 


;.  JpsidfUQfi  of  S  on  S-T,  121''  46'  24";  C,   121°  41'  54"; 
G,  iSr-^.    Diff.  witi,  T,  5'  24" ;  ajid  «ith  t\  1'  M".    '  . 

Jln^dencq  of  P  on  S-^T,  ISO*  52*  12" ;  C,  150*  SC  27^; 
30^-45^  l)iff.  wh!i  T,  r  12";  and  with  C,  b'-21". 
adt)OtMr.  Phillips  impOBed  vponhimbetf  thelawof  adher- 
itrife%  to  niechamcal  meflsuremeijti,  he  might  have  deduced 
.  tlia  incidence  of  P  on  s  from  that  of  121''40'.  which  hehadfonad 
^^ftveen'j  and  <;  addins  90°  to  the  half  of  this  last,  yi\af^ 
;f»ou(d  hare  |^ven  Iitm  150°  SC,  and  would  have  shown  him  that 
.nil  gpmometer  placed  him  in  oppositi'oo  with  himself  to-  tiw 
,4inOUQt  of  5'. 

.-  Lateral  Tacts. — Tlte  mutual  incidences  of  these  fkces  are  in  a 
IMllicuIar  case,  in  coQBeqneoce  of  the  common  base  of  the  two 
rrunids,  composing  the  primitive  octahedron,  beinff  a  B^jqaM. 
1^  may  be  aBsimilated  to  those  which  result  trom  Uie  lavs  of 
^decrement  on  the  edges  of  a  cube,  and  of  which  it  is  snfficient 
4^Vt  the  measure  be  ffiven,  to  deduce  geometrically  the  aa^^ 
;^ilVed  from  them  with  rigid  accuracy. 

A' simple  const/uction  will  make  what  1  have  said  int^^Ue. 
'^Xetd  h  sh  (fig.  6)  be  the  square  which  represents  the  base  mdl- 
^<jatM  by  the  same  letters,  and  let  d  e,  a  k,  k  x,  &c.  be  lines 
'j^hicb  make  with  each  other  the  same  angles  as  die  faces  £',  r,  I 
(fi^.  4),  the  lettera  indicating  which  are  repeated  on  .the  lines 
-'mu^'in  ue  iMmsidflriDg.  Produce  k  d  and  x  «  till  they:  meet 
y?»>  Bod'/t  a,  «  ifr,  till  they  meet  /  ft  and  i  x.  Then  draw  k  n 
.SfQU^  ri  peipeadicular  to  fi.  The  triangles  ad  t,  n  ft^  will  he 
BIDidai.  to  those  whid)  1  call  witaturiit^  Iriaa^let  s  and  it  is  hy 
resolving  them  that  we  determine  the  mclinations  of  the  faces, 
such  as  r,e  (5gs.  4  and  5),  whose  positions  coincide  with  their 
«tEflor' sides  de,  k  rf  (fig.  5).  Bnt  these  triaugtes  are  obviously 
-''T^bungnlxr  in  the  present  case,  and  the  ratios  of  the  sides  a<^ 
^litaat  tio  tt^  right  angle  are  such  that  ad^a  equal  toae,  and  uat 
'^/is  triple  to  it  n.'  laddheit  atable  of  tie  angles  to  which 
these  data  lead,  Conjpaf^  Htith  those  determined  by  the  reflect 
"^iiyf  £onioiitietet.  I'knaU  as' before  denote  the  former  by  T,  and 
aie'toter  by  (3:     '■    ' 

^  '  Tioicidehce  of g  on'fakiy  T—T,  125°.— Mr.  PhiUipB  haa  omitted 
"qiis  mddence.  ■    ' 

-'-•=■  Inrcidence  of  /  gn  y'aBd /-T,  161°  Sy  54";  G,  161°  Sy. 

■m.r^:     •  -    ■ 

Incidence  of  g  on  r  and  r'— T,  153°  26'  6" ;  G,  153«  26'. 
Ciff.l'a". 

Incidence  of  r  on  f'— T,  143°  7'  48";  O,  143°  W.  Diff. 
2'12". 

Incideoce  of  r  on  /— T,  126°  52'  12";  G,  126°  45'.  Diff. 
3' 12". 

I  shall  further  '  ^  the  two  faces  r',  r',  making  equal 

'angles  itHtiOtHH  ^ittefiiee  g,  it  is  imfflctent  to 

luiow  one  of  tbf  e  £rom  it  the  iuututJ  inclination 
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off^  cay,  hfy  subtmolinr $0''' ftonuOie  kaofim  ai^>Hndodii|: 
bling  the  romaindtf .  Ibus  the.  Angle  iBlUcfe^^MAeTiofiidfi  $mm 
r",  /miakeft  mikg,  b^i  153''  26^^  as MiuS^ipK)fel]ifl»4li  fhi 
incidence  of  r  oa  r  osght  to  be  equal4x>  twiee^  163^^28^  a^D^ 
timt  16  to  tfajr^  to  126<^60' ;  wd  not  to  '12^45ioa»  t»£oidMniy 
the  reflecting  gonkmeter.  TbitJ  brings  ifthrdopJiM^ptftitlliif  Ml 
measure,  which  isjti2®?;6a^:.12^^«o.^^  ^^i/-.-  /u^u.  njiinolina^  saw? 
It  remains  fop  me  tomakjolih«aqDriety  vhkiiI«iifi;#M^ 
represented  in  figi  6^  TheftK^eoj^  Xf  whii^iittuuvUNMMipH 
result  from  a  mixeft  decrement  o£>diieei|u^eaf>«i^bfei«dUiUl 
two  in  height  on  the  lateral  fkcea  sai^  ^n  ^Sgj  S^Aoiik^tM 
it  follows  that  they  have  two  m«tualidiff9i^aie'iiE»diiaittobi^# 

Eeatest  of  which  lis  :tfaat^o£z;iO»:^jri^4iv^v!Ilie8«--tWbt^ 
ing  given,  that  of  any -o£  the  other  hidks  upoftcy^BypiMiajtite 
dedaced  from  them  by  geometry. fdone^^  i '  a'  tiJL  ^aIJ  *4o  aqiilMi 

I  shall  compare  h&m:  also  theJItoee  Und#i«f3m9idS:9b1|dM% 
the  different  methods,  making  iise^of  <lhei8»aei4ette»&"tte4wiMl 

Incidence  of  «  on  !fff»TfA6Q?^j&j^t/''^i!iplH9?i-^otati%^ 
169®  y.    Diff.  with  Ty;i^  SST^^cvothO/  Vi^</  .aaoii/imixoiqqi- 

Incidence  of  ;r  oni-i-T,  llS^'Sifii^'^^^eif  WSRitgf  SB^'f  ^ 
118®  l(r.    Diff;with:T,a'24^,;-wWift;i8«'^Vui'i  lisi  ^^isifao 

Incidence  <kf  2  op  ^.  on  tf^T,  Idif^ifiOTj;  oO!, b]^<>KKi6tK'{3^ 
165®26'.    DiCwith.T^26T;i-wkhiC]^^£8«.io'>  ^bo^oqquaav/ll 

The  comparis6n«f  ihes4>iresidtsde«jhi/i)^  «^ta  l^oiedybiirldA 
dbes  not  apoearto^me  faicKffert^ht^'  inodibKafiliKlpTtihi^^ 
incidence  or  z  on  g',;.theaiiffeKen)6e  ih|»nding<jbnJi>tlievdicdgiilM 
Which  we  set  oot  is/redooed^to  amintitiiland:  sfimibhibemd^^ll^ 
thus  the  simole  laiii«of  dseiiement^  jpdiibh^oin  hapctbiedty,  adgMi 
minies  these  mces,.  ilFC(iilfiirfl^>by  dttJdnsetiib^mb;  o^^Boml 
law  being  given,  theiotheRien^Teiati«deidRii3^ 
of  2^  on  z,  or  to  thatiof  praencjs^  becHimvcditiUsiNslfroti^idieififii^ 
So  that  here,  asinea^eatv^iaehr  ofiolhidracasefl^thj^ibiytftiiq^ 
gmpherwho  hascalcI&tedkmeaa^thesi0^aa^eB^0OlUte(Ae<ib  " 
with  a  fundamentd.remk,  dlMssotaflervasd^^ 
in  order  to  satisfy  himself.i^fle  svundbobiiaTemoidDiibt^bfC^ 
that  observation,  if  exact,  would  ^agrQe  with  theory. 

Yet  the  measures  of  M^msi^woTAldlaences  by  the  reflecting 

•  If  we  denote  byr  the  pel 
the  pyramid,  and  by  n  the  nimi 
and  cosine  of  Afe  angle,  wMch  mi 


+  **  to*  .i^f-T-iFi^wfrjwith  ;regar*rl»rhaIC  tht  ind^ttrfsMlT 


^^ 


t  on  f,  the correspbnarig' ratio  \imk  of  j/i»^-1^+  *«#  to h.-' Tur&tr  iffi 
line  of  the  angle,  the  supplement  of  which  measnres  the  Incidence  of  s  on  ^,  it  to 
the  cosine  as  (n  -  IW ^  H  +  *»  to  (»  +  1)  h.  In  Ihe  yr^teot case, •  ^-fi  and 
if  we  malce  r  »  ^  go,  A  »  S,  wefaa^  the  remltt  indieatied  by  T.  IT  w«  make 
r  »  t/l02,  and  A  a  V  317,  we  have  those  indicated  by  C.  Btt  It  U  tistUelfeat 
the  angle  deduced  from  the  tint  ratio,  being  yerifted  byobienralioiiy  the  ncnfnre  o# 
th«  angles  to  which  the  two  other  ratios  lead  is  vuwcassary. 
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goj^meter  differ  non^  eqpecnlly  th&!j0econd>  &ovi  the  first 
wmm¥  thvdiraQ  tfaoa^  lifilheitp  mentioncU.  Tlu«  lis  what  should 
mil  h9ite'\b^MDL^j^jf(ic^  jMn  'Philli{)a,  the 

Cfpli^  of  the  ^dimqmi  <ineili<ty  on  whiafa^lie  operated  united  at 
^«teiNiA;tMrit^of'iii%^  of  very  ibmali  BUbe,  acondi- 

iMm  «0s»iinportwiil7far  ^^OffMreoiAiDn  of)  measnrements  that  the 
same  gentleman  afterwards  state^^:th)st-<ir^tala  of  a  Certain  mfi, 
Q9KfBilrm»se  whose  faces  Appear  mmti  saiooth  andlevel,  presented 
Irtrj^'jmMiiblerdififeTeMes  m  the  determmatioa  t»f  their  angles; 
iP^ev  jw  therscoiitaajry^- th^  give  uniform  results. 

fitol^ihoTtoficlq&s.thnt  tibey  see  ifaa  ontjr  ones  which  can  be 
4ilP<mdeAi<mfrtieK  precisieii  as  <wanttd«  < 
:^m4:flbfdl».'ftdd7hera  «  Mnsidsrataon  whtdi  'Sows  naturally  firom 

?)ifl^^^^x'pw^culedi-  The  table  of  aneles  determined  by  Mr. 
ln^pjB  on  the  different  varieties  of  oxioid  of  tm,  by  means  of  Ihe 
irfftoteg^  ;gq»io«ete]^  petwithsfamding  the  superiority^  of  that 
jmil^iiil:ientover.the*:eQmnira  j^oniometer  and  the  dextenty  of  the 
tflperiittente^^  presents^  a  series  of  results  which  are  really  only 
approzimationsy  wfai#h,;  havings  been  determined  independently^ 
ll&ve  til»  bond:  of  umon;  ^^amd  some  of  which  even  contradict 
others;  far  from "ligreeing. with  the  simple  laws  of  structure, 
tibey  vould  tend  to  transferm  them  into  so  many  anomalies. 
If  we  supposed,  for.  exa^^BfiSy'  that  the  incidence  of  r  on  /  on  the 
4nm«deeT0f 'g  (fig.  ^xw^  exacthr  143^  W,  as  Mr.  PhiUips  indi- 
.(MitoBttte  jbifQ.  siifos  Adjacent  to  tne  right  angle  in  the  measuring 
tnirilg^  woiildiimr«to:  each  other  (confining  ourselves  to  five 
figvrf^cw.  MftTS^r  ftl393y  and  the  corresponding  number  of 
ftngte  snbtcacted  (woidd.havfl  the  same  ratio.  Substitute  for 
ibfiMitwb  aeries  the  numbers  Sand  1,  to  which  they  are  neaify 
MopdiliionsJ^'aii^  have  «  sinmle  law,  which  is  that  of  nature. 
IfhlSiiei^niple  ;showft:ofihow  moon  consequence  it  is  to  the  pro- 
^ji$R9f'the:  sciences  toi  join  theory  wilh  observation  in  order  to 
Mi  to  remove,  the  want  of  connexion,  which  viroidd 
leaubsiat  between  the  resultfl^  an4  to  fu^npose  a  whole 
ftfeffaits-of  which  faanaonize  with  each  other. 

^^  ,  Sulphate  of  Lead. 

'Hie  description  which  I  am  going  to  give  of  the  crystals  of 
eidphate  of  lead  is  derived  from  OTservations  made  since  the 
pQ^cation  of  my  Tableau  Comparatif.  The  examination  of  the 
new  crystals  sent  me  fit)m  England  during  that  interval  has 
enaUea  me  to  discover  a  considerable  error  contained  in  my 
formcjr  determination.*  But  the  most  decisive  observations 
<m  the  .subject  were   obtained  from  a  very   interesting  set 

» 

•  Tl)ifl  emur,  aaovBtlag  to  about  8*,  wat  owing  to  tiM  extreme  rarity  of  cnrf* 
lalt  of  tplplHitr  n  tlie  time  ofay  determination.    Toneatare  the  primltife 

aaf^et,  I  made  a  ini,  io  which  the  nataral  joinU  broogbt  into 

view  by  mttlM  iaeqial  tinoe  which  coaccsled  their  tnie 

iDclioatioiis. 


^  ffovy  im  tke  Jftaiufwg  of  tie  Angta  '^  Crysii^\'  yif^i^ 
oferifBtidBeqntiaebjM.  8elb,  Pint  ComuKlkir  ofMiiies  to'tlie 
^^^|^«of  Badfln,  and  J)iiectacof  the.MiB«s  of  the  Viime 
of.Fmit^n^ierg.  Tbew  cryatals  are  diffbkantiui,  of  a  cona^S^- 
able  size,  a  regular  figure,  and  all  their  laCea  are  smoolh.  Ad9 
the  aatn&eliioa  of  owing  them  t6  a  p^iltUKnuer  ho  justly  <^- 
betted  baa  doubled  tfte  value  which  they  denre  in  my  eyes  kim 
their  perfection,  and  from  the  happy  inmieoce  which  they  hW 
had  upon  the  results  of  my  inreBtigattoDQ.  ' 

I  mve  contioued  to  adopt  as  the  type  of  the  epeciee,  tll6 
reoUngular  oCtahedion  obtwned  by  mechanical  division.  Bkt 
I  hare  changed  its  dimensions  iiicunformity\fitb  new  meastres, 
taken  with  all  possible  care  by  means  of  the  common  Votiio- 
meter.  Lets*'  (f^.  7)  be  the  octahedron  in  question;  if  Fdrajv 
e  i,  the  axis  of  the  pynuntd,  thai  c  j-  and  c  I,  the  on^  perpendi' 
culor.to  kXf  the  other  tost,  then,  rs  and/  s,  the  angle  s  rcmi 
measure  half  the  incidence  of  P  on  P"'  (fig.  8),  and  the  Wle 
«  t  c  (fig.  7>  ^If  diejncidence  of  P"  oa_P'.  Bu}  if  we  tsmK 
en  Ct::  v'la':  %/ 8;andc*:  c  i  ::  V  2:  a/^*,  Ifind7OT 
for  the  firat  incidence,  and  101"  33'  for  the  second.  In  thesjtne, 
hypothesis,  the  incidence  of  P  on  P"  (fig.  8>  =  119**  51'. 

The  cosine  of  the  an^e  which  jneasure^  the  incidence  of  tfie 
foce  n  s  X,  (fig.  7)  on  me  ftce  k  s^A,  dilated  on  tlie  opposite 
mde  of  the  same  pyramid  is  ^radius,  ao^lhatofthe  angle  ^uch 
measures  the  incidfence  of  ft  J  r  on  ft  i*?  is  ^  of  it ;  bo  that  if 
«e  repreaaat  the  first  c08ineby^,-it  wffl  lie.Bufficient.tofulil 
miity  to  each  -of  the  terms  of  the  frat^on  In*  hsf-ve-'piie  ^presstbii 
for  tne  other  cosine.  " '"     ^^ 

Mr.  PhiUips  has  found  for  "the  indioatioo-  of  ,P  oii.  I*^'  ^%<^ 
the  same  angle,  78°  12',  as  that  which  rB«altB  &6ipa'my'diefemij' 
nation.  But  hfe  gires  101"  20'  insteadof  TOl"^^' for  ffie  mei- 
denceofP"  on  P',  which  inakes  a  dififetenc*  of  12'.  That  of  P 
on  P",  deduced  from  the  preceding  would  be  equal  to  1 19°  54' ; 
the  d^erence  of  which  from  thA  which  I  have  obtained  is 
only  3'.  The  ratio  of  r  f  to  c  j,  VfUtAi  leads  to  the  incidence  of 
P"  on  P,  such  as  Mr.  Phillips  give^  it  is  a/T(3D  to  «/  T^,  This 
report  is  similar  to  those  in  the  tvix  preceding  articles  :  a  sligbt 
modification  of  one  of  £he  two  tenns^would  be  sufficient  to  leduce 
it  to  my  ratio.  Jf  we  add  unity  ta  the  last  figure  ofthe  second 
term,  we  make  jt  VTUo  ':  V'  160,  or  V  2  :  V  3,  as  in  my 
deteminatiou. 

Accbrfing  to,  thfe  ratio  VTOO  to  v'U&.-de  cosine  rftbe 
«ng!e  wbidi  measuteB  the  incidence  of  «»x(fig.  7)  on  kstit 
the  ^^  of  the  ra^ua,  instead  of  the -j-j,  which  picsentB  A  kindflf 
discordance  between  the  two  ratios,  so  well  connected  t^geftt* 
in  i}xy  detCTmifaEUion."  !ff  this  last  is  not  thr-tme  ratio,  H  wntbe 
adtrnttedat'Ieastthatitistfae  mbstsatisfactoiy  tdthe  mitad;  ' 

•  If  .we  mith  tepM  the  Iwo  imtiat  aoirtahrm  In  which  ih«y  will  haw  tlie  lia* 
f  «  fu  *  cosUDDU  (erm,  we  will  makect  —  ^84,  ef  —  VTfl,  ar  —  v*^. 


18(9.;)  I  Af  <^  ^  ^^  Mea^rmgo/the  Anf^  (^  Ctystali.    4^ 


^lystals  from  Ehdand.    This  induces  me  to  give  h^i^  ^ 
cf^qfmiete  description  of  Sie  variety  to  which  ibis  crystal  bil6kig;s. 

yj^ui  I  mnstpremiie  that^  for  re^ons  fhie  explanation  of  which 
m^pid^  carry  me  too  far  from  mjr  subject,  I  hate  adopted  relatively 
to  all  the  secondary  forms  which  have  an  octahedron  for  nucleus 
thc^  method  indicated  in  my  Treatise  (torn,  i.  p.  464)  for  those 
d^red  from  the  regular  octahedron.  It  consists  in  transforming 
uifi.  ^octahedron  into  a  paralldogiped  by  the  addition  of  two 
tdbn^edroiis,  similar  to  mose  obtained  bv  the  mechanical  division 
pn  tV9  opposite  faces  of  this  octahedrcm ;  and  in  considering 
the  decrements  on  which  tiie  secondary  faces  depend,  as  taking 
php^  dh  the  edges  or  aiigles  of  the  parallelonipM  by  the  abstrao* 
tigii  of  one  i^r  more  ranged  of  spoiaU  paralleiopipeds  of  the  aaaato 
fi)llQl  The  ptotllelopiped  $ub8titat6a  for  the  octahedron  in  the 
|WBfie)lt  pasCf  represented  in  4g.  10,  results  from  the  applioalioa 
of  two  tetrahedrons  on  the  fa^  P^  (fig.  8)  and  on  its  opposite 
fiibe.  Af^t  this  way  of  viewing  the  crystsJ,  the  sign,  represent" 
ing  the  presait  vtri^,  is 

Pfi*(fEB»iy)A 


■  -* 


1>S         /         o 


The  decrements  producing  the  faces  /,  s  (fig.  9)  are  so  con- 
nected, that  tiie  intersections  /,  y,  of  the  first  with  S  and  P^\  are 
exactly  parallel. 

The  following  are  the  measures  of  the  difierent  angles  result* 
ing  from  my  determination : 


Incidence  of  P 

onP"  76*  I2r 

p// 

F  101  32 

P 

P"  119  51 

P 

0  141  64 

P" 

0  129  14 

P 

t    164  17 

F' 

s    141  40 

/ 

F'  166  16 

; 

»'  166  25 

2 

0  136  66 

B^ore  coming  to  the  consequences  which  flow  firom  all  that 
precedes,  I  must  explain  the  method  which  t  followed  to  deduce 
bom  observation  the  data  which  enabled  me  to  resolve  the 
paroUems  relative  to  the  determination  of  the  crystalline  forms. 
inie  quantities  conq)osing  the  formulas,  which  represent  generally 
thie  sides  of  the  triangles,  which  I  call  measuring,  express  certam 
lines  which  we  may  conceive  traced  on  the  surface  of  the  primi- 
tive solids,  or  drawn  in  their  interior,  such  as  the  diagonals  of 
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the^ft^6.  the  tui^;  iSie  ime6  dtiftwii  p^ipendleiild^  i64fete«l(%i«^ 
mtiiermh'iy^  ceMt^t^fihe  faces;  orfMbtiiie  ^bUdJriangfekl'^t 
the  fcjmxiilai  %r  e}jalb^^  inilMeB^  a  liioinbiiid^  il'W^it<Afai| 
the  expressions  g  ^ndp,  half  of  the  horizMt«d^diag(tesAniaft4f 
the  obtttiuib"  one  df  ^aoh  rhond^/the  expte^^fbtf  ^i  of  thfe  Ali^iiid 
thflct'of vie  m^asiife  of  the^<j^cremetit to  te  d^tetaoitted,  «r^dR 
nanibe^' of  rangeis  subtracted,  whi($h  is  denoted  by  n.  'ThisUtt 
ex]^ressioh  is  sSways  simcAe,  or  deviated  vety  little  itom  ^y& 
city.  With  regard  to  toe  oth^r  *eit|>Te8sioikiil,  they  ameqmAir 
sun^le  in  the  forms,  which  have  apiirticuliu'  chfttacterof  ferytt^ 
try  and  I'egufority,  or  those  derived  from  these  forfns;'>' tlitt'ft 
tiie  rhomboid  ivnich  represents  thesiibtMUitiv^  mot^Mfe'ef  ffe 
rhomboidal  dodecahedron,  the  ratio  between  the '««B^di«g6cuii 

of  each  rhomb  is  that  of  V  2  to  I.;  thiB^9,^lso,fiiieT^  '^ 
the  perpendicukr  drawn  from  th^  wcidlfiiinv  ^&ci\  ta 
axis^.  and  the  portion  of  the  axi8.W^ip|)^Vij^4W^rcfS] 
rhomboid  which  I  consider  s^  the  sigbtrj^ct^y/^.^^^ 

regidair  octabed]K>n,  the  first  ratio  is  diatof  rv^r.t^-.yj^j^^ 

tMK^nd  that  of  1  to  v^.  In  the  '■  cube  iMere  Mist»r^iiatt^ 
between  the  two  terms  of  the  first  ratio!y-&n|ir:&enfibcoul»ihit 
of  1  to  j/2.  The  cosine,  either  efth?e  im'aII^t^e^lu^gl«;-^¥ 
the  smallest  incidence  of  the  faces,  has  this  veiniarkafeSie/ltet&its 
ratio  with  radius  is  rational ;  and  to  oonfti^  mv^felf  >li'if%*  t0-)ftAt 
"which  concerns  the  incidence  of  the  facei^,  it^.i»  half  the  ritiids 
in  the  rhoiftboid  of  ^met;  it  is  the  thipd  iti  that-wbidl«tliekli|8 
to 'the  Tegular  octahedron,  and  ii^  the  eube'  it  beedlb^  t^^  '">* 
A  part  of  the  laws  of  decrement  on  '^iiieh  tb^  TOciMldar^  i4dt^ 
tie^of  the  forms  under  consideration,  tirfe  in  the  «aiiii$Gfiifi%^^e 
ratios  between  the  dimensions  of  these  fortes ;  that  is  >t(>'  9B^, 
that  their  measurement  is  considered  as  ^ren  d  pribriv  l%tis 
thb  passage  of  the  cubie  to  the  rhomboidal  dddecabedrOn,  in 

S'  (ipldme,  that  of  the  saine  solid  to  the  regular  octahedltm  in  diftl- 
loref  of  iron,  and  that  of  the  last  sohd  into  the  two  )[Mre^edbig 
fluate  of  lime,  tak^is  place  evidently  in-  cotiseqUence  of  a 
decrement  by  one  range  on  the  ed^  or  an^es  Of  tSie  folm  wMch 
performs  the  function  of  the  primitive.  The  same  coiisideM^n 
may  be  appliedto  the-  trapezoidal  liolid,  taken  «8  a  ise^cmdfty 
form,  either  of  ffie  cube  as  in  analcime,  or  of  the  regular  <^ic£ahe- 
dron  as  in  sal  ammoniac,  or  of  the  riiomboidal  dodecahedron^ 
in  the  garnet.  ■  When  the  law  of  decrement  is  not  itidic^d 
feimediately  ly  the  aspect  of  the  form,  it  may  be  det^rmitted 
with  certainty  from  the  reason  of  the  greatest  simpUci^;  -flius 
when  we  measure  by  the  feomifeon  gbni(^meter  therespediTe 
indinatibn  of  the  pentagons  of  dodecahedral  sulphuret  of  ifon 
whe]Pe^th4ir  ba^s  tneet,  1  find  it  Aearir  equal  to  127°.  FinrOer, 
calbulatioft-  informs  me'  that  on  the  h3fp6thesis  that  the  deore- 
tnentsprodticing  these  petitagoWtake  place  by  two  rows  in 
breadth  on  th6  edges  of  the  primitive  cube  from  which  they  set 


outy .^(^kicUiiation  in  question  wovid  be  126*'  52^  \2".  Hence'I 
0onpliiid!9'ihiM^thiBiaig^  the  allele  of. nature;  and  the  theory 
^^sfe^/VOif^Aht  value  of  this  sniatt.di&rence  of  1'  48'V^hi^  ^ 
fn$ti3unient- ea^c^;  detei^ 

^  .''f!)^i9lien4heeelel^raled  Coulomb  xnade  his  fine  experiments^  by 
spfaaoji  o£  whiieh  he  d^fiK^i^trated  that  the  electee  and  magnetic 
•Spiribffj^/fbQowed  tiie  la^  of  ^C) juvefse  pf  the  square  of  the  dist- 
4tlQ^^  .the  numerioal  e^pressii<>ns  of  these  forees^  deduced  from 
^jd|ef;yQeehanical  meansrgnrh^- he -employed  to  measure  them, 
9W^;Tepvi»Mmted  rigpjx)«^' ;^  to  which  he  suuKwed 

j^uMf^=these:'f<Nreea  wer^  sal^eoted;  but  they  approachea  it  so 
rii^aiAyrlhathe  wasautbaru^  to  consider  the  diiierences  as  una- 
v^^^aMeienonhiQ' his*^3:perim^its.     Thus  in  >an  experiment 
relative  to  magnetism,  in  which  the  measure  of  the  forces 
^pexAeA  on  Sie  sb^iure  of  the  number  of  oscillations  Which  a 
'^^*'^^^6  needle  frej'eljr  litctoended/  itiade  in  6(y',  and  placed  sue- 
ively>ttwb  different  dil^tances  from  the  centre  oramagnety 
lUe^'dni  ^WUch  uietb'  double  of  the  other,  he  observed  thatthe 
'4}AriiNVbo6(ikig  duinber  of  oscillations  were  in  the  one  41,  and  in 
v4liei>pui€fl9.&^  and"  *a  fraction.    But  that  the  squares  of  these 
'jsxmabeis^  -deducidg  the  square  of  15,  which  represented  the 
a^oii^of  the^b0  on  the  needle,  should  be  to  each  other  in  the 
-iAi^e^l^ail^p  of  the  aauares  of  the  distance,  it  was  necessary  to 
:s6ppps«;^a|:  the  neeqis  in  its  second  position  made  24  oscilla^ 
•  ^aos  4t '  .,9^  veiy^  nearly.    Thus  calculation  gave  the  exact  value 
4rff4'^ilpeet>on»'>wbi<^'Obse]rvation  lefl.uadetenmned.    Such  is 
in  ei^i^ialihe  method  of  proceeding  of  the  physical  sciences ; 
amif  Y^^  have  lihit  vioipe.  reason  for  considering  our  experiments  as 
•Afi^sijif%i  vriien  ^th&^  give  only  sliffht  differences  with  ihe  results 
yq^'  ow  theories.  ■  It  would  be  rather  surprising  if  they  agreed 

^th  them. precisely.  ■    -  .v. 

jnrthei  species  whose,  primitive  form^  differ  more  or  less  from 

ibose  which  I  have  mentioned,  and  wlA^h  may  be  regarded  as 

.thehopts  of  aUthe  others,  the  ratios  li^iween  the.lines,  which 

'  e&teras  data  in  the  solution,  of  the  ^robl^s,  can  only  be  deterr 

.  mioed  by  observation*    But,  I  couceivedj  thatj  these  forms  were 

.  ^^sinnlated  to  tl^eir  liemitS)'  iA-.  tbei  re^rt^.in  question  ought  hke- 

:.D^  to  be  simple, :  or  at  Least  to  approach  simnluuty. 

••The  .method  which  I  have  adopted jjto  iojbtain  these  ratios 

.under  the  most  advantageous  form  con^iats  in  representing  under 

rodieal  quantities  the  two.  terms  which. ^^Oinpose  tbem^«    The 

result  is,  thatamong  the  primitive,  ibnns  \i^i<^  belong  to.  the 

r^difierend  spedes>  those  wuicfa  ajre  susceptible  ^ef  beijng  cut  in  a 

vcertein  dii^ction,  so  that  the  section  ia  a  rhomb,    poiEiise&s  a 

-femarkable  property,   which  belongs  hkewisa  to  those  -solids 

ipfhieh  have  the  characters  of  limits;  namely^  that  the :  cosine  of 

ttie  smaU  angle  o^  "^    -rhcnnb  is  a  rational  number.    Different 

rhomboidal  prisai  ectioaa^''*^ch'i8  an  oblique  parallelo* 

gram,  in  whichrdL  air^  owjf        ^1  two  to  two,  possess  the 


cwne: property ;  because:  the  line  dmwn.fr^Moo,  ^^^,|||yM^^ex^. 
iwty  of  tiBkB  I  fejigfi,, on,  Yfhkh  their  l^e  origpateii^  *^^Wft|fl1fg 
egctrelwty-of  the  oppo^itq  e^e,  is  peifpeniC(^D;I^ 
have  explained  in  my  Memoir  on  thel«tw  of  oyi^^t^ify--,.'^^',^'^'  ^ 

The  ratios  of  wliicux  we  are  gpeaking  appear  at  ij^tte^ajlii.^l 
serieit  of  those  iwi^ich  the  difierent  aiigWgiye  ifa^ 
ctffoumference.  .jfhey  take  place  a,t  the  pacts  in  Which^i^^' 
component  parts  are  susceptible  of  division  by  a  Gbipiiion^lp()4 
vrtiiai  reduces  their  value,  and  frees .tibem^&oiia  the  cooqdic)^ 
ia  ^hieh  they  were  enveloped.  .  Th^.  intervala  wiucli  .^jMy^p 
these  ratios  answer  to  the  differences  in  tibie  <^lT^imi^^i. 
angles,  which  vary  more  or  less,  sometiinaii  t]he  foui^/^T 
degree,  sometimes  half  a  degree,  ormor^»..  yThm  i^ff^^ik_ 
OA'whicl)  we  operate  have  a  form  not  t/^  deti^rvxifi^tei.itp 
possible  that  an  approaching  ratiomay  be  ta£^ai&ur,ti^f^,ljjnDte^^ 
This  of  necessity  happened  to  me  more  thaii^  onq^  ^)^  [^ jffWf^ 
composing  theffeoraetrical  part  of  my  Ti^ep^^t/f  ^^^C^MPPefl^ 
as  I  nave  already  said,  a  part  of  my  old  .deteraiina^i^ 
wibich  there  are  some  that  relate  to  the  Sinsrlea  ta] 


other  species,  ratios  in  which  accuracv  agr^e^.aii^^;^^^^: 
Ue«with  simpUcaty,  as,  I  think,  has  beea,tbe;qaiNej^.:p^' 
with  regard  to  quartz,  oxide  of  tin,  and  Si^hai^'^  of  ^ 
consider  myself  as  entitled  to  say,  that  these  rat^c^^^reifj, 
to  d^rmine.  without  any  ambiguity  the  la^^  lof  decieniei^  pa 
which -depend  the  secondary  forms  belonging  to  .each' fi^pe<gf^ 
fcff  the  difference  in  the  inclination  of  the  faqes  th^t  wo^^l^. 
produced  by  mistaking  one  law  for  another;!  wouj^  J^  iji^wsb 
greater  than  what  could  exist  between  the  a^les  ^  ^iveiibjr^Df 
ratio  and  by  the  reflecting  goniometer.    Inere  is  eve|[^  in^jtj|i€L 
results    derived  fro^i.  bom  a.  convergence  ; worthy  of.  b^og- 
rtoiarked  and  very  favourable  to  die  theory.    It  c0nsiai9.in.tSif 
that  the  differences  between  the  primitive  angles  beconoL^.  miiclL 
lefts  in  the  inclinations  of  the  secondary  faces;  so  that  son^. 
tifl)ies  they  approach  so  near  that  alLdifierenc^  vanish^. .  IrSb^ 
take  as  an  e:^mple  the  angles  of  the  primitive  rhoinboid.ci 
.calcareous  spar.   .  According  to  the  measures  of  WoUastoa  and 
Malus,  the  angle  which  any  face  of  the  rhomboid  forms  with  a 
parallel  to  the  axis  is  134^  37'  instead  of  135''  which  I  hi|d  indi- 
cated, from  the  condition  that  when  the  axis  of  the  rhombK>id  was 
situated  veitic^y,  each  of  its  facefi(  was  equally  inclined  to  a 
vertical  and  a  horizontal  plane.     If  we  set  out  from  th^  two  pre- 
ceding ttieasufesy  we  find  for  the  great  angle  which  the  faces  of 
thdirrhomboid  make  with  each  other  on  me  one  side  105^  6^ 
on  the  other  104°  28',  which  is  a  diffenencp  of  37'.     But  this 
difiSdrence  diminishes  in  passing  into  the  results  of  the  decie^ 
ments  which  produce  the  secondary  forms ;  so  that  in  the  metiif- 


tkiic'^odecahedlron  it  is  only  1(K  .and  4^  for  the  two'  n^sptctiffe 

iet%(Ml^afabdkMV  #hioh'  iresiitts  from  a  decvenvent  ^vriKMto 
^tojpnent  IB  ^  ion  the  l^luhe  ed^^s  of  the  pfiini^ve  rhomtobid/  it  i# 
re^Lbj^d  to  2r  and  1^  Qi^^ ;  and  m  a  third  dodecahedron,  produced 

■  **  '     ^  '         *     *  angle/ and  which 

eutketicy  it  faUs 


Kow  it  18  evident  that  the  ordinary  goniometer  employed  to 

~*^i'tlxest  different  resulti^y  is  of  a  precision  which  may  be 

Idet^  VM  tigfoi^us.    The  angles  of  the  crystals  of  ^(mrte;  of 

iai  dffih,  and  6f  sulphate  of  lead,  have  presented  conver* 

gif^l<£6' \t!^thr  d^ 

"'1  tdd'  ihfift  thcf  jRirxhs  of  the  integrant  molecule,  being  the 
geoxncftriCal  types  of  the  i^pecies,  the  ratios  which  I  have 
atfbJM^'l^  i^-Cbni^e^uence  of  thehr  simplicity ^  the  advantage 
of-'ororiibi^neat  conceptions,  and  easy  to  take  up  from  that  which 
ot^ffiittefenifeH  thtesr  ^es,  and  the  lines  of  demarcation  between 
^tic^BiSermt  ftpecidb  deduced  from  them,  while  the  mind  perceivef 
oUly'iliW>^qghi  ^isiist^,  as  it  were,  these  distinguishing  cnaracters 
obscmped  by  the  great  numbers  in  which  they  are  enveloped. 

'*  W<^^rij^fve'^t'bnce  knd  we  remember  the  result  which  mfortns 
ii'il*)lm'&€f 'cosihe  cf'the  smallest  incidence  of  the  faces  in  th^ 
pjmliii^ii^  is  the  thirteenth  of  the  radhis.  'Bui; 

tne^^er  Ybsi&tt;  accorolng  to  which  it  is  only  the  ^frr,  is  tkt^t 
eitSW^  tMffde'lftytQod,  aAd' cannot  be  remembered. 

^^I  BiiWf-kBVafac^d  tli,b6ve,  that  the  ratios  between  the  ^iidensione 
ofldie  piimitive'solids,^  sbdi  as  I  have  chosen  them,  are  sufl5<iii$at 
tS^dttfeWiicte  Wifliout  ambiguity  the  laws  of  decrement  ftom 
yMklh  tftte  *is^ond?tiy  fettas  are  derived.  This  I  shall  reiser 
sM^ibl^  by  tn  example  dtawti  from  the  forms  produced  by  deere- 
nic^tis  on  thie  infiirior  ed^,  D,  D  (fig.  11),  of  the  primitive  rhotiiw^ 
b<iihl' 6f  cklciredtis  spar.  This  decrement  produces  dodecahedrons 
-vf^hjfcali^ftef  triangular  fac^s>  Aiore  w  less  elongated,  which  f 
rktit^sent  iii  general  by  that  reprfeserited  in  fig.  12*  '  Wheh  two. 
rang)es,  are  abstracted,  we  obtain  the  metastatic  variety  in  which 
t}ig^6idei&i<re  of  W  on  N  is  144o  20^  26'V  that  of  N  6n  N' 
ta4*^S8''40'^  tod  fttet  of  N  on  N-^  133^  26'.  Amonglhe  odier 
Iditjwii  dodi^aiiedrons,  tibftt  which  approaches  most  nearly  to  tiie 

p1rtf66ditig  has  for  its  sigi  I);    This  law  gives 

Bor  the  incidence  of  Non  N  ,  139°6y  ^0'^    Mff.  4^27' 36^'. 

ofNonNS  106  13  30  .    Diff.  1   44  60.  . 
of  N  onN'^  141   12  24  ,  .  DijflF.  7  46-  34  .. 

Hence  it  is  obvious  that  we  can  easily  avoid  mistaking"  this 
last  dodecahedron  for  A^'Mf         '  V^''  ^^-^  y  '* 

let  us  suppose  a  i(^a  iOoA  Mi^<lfato  the  im; 


42$    Hawf  OH  the  Measuring^iif  the  J^{et^  Oy^aik,  [lion, 

tfi^  signof  which  would  be  D;  we  afi^hkvis.f-'"-*' — —-•--' 
of  jr.ori.K!  1«2*.13'  22",  whi<*  ma^&i^.ifL, 
i|^eB!,6f,  the  two'  preceding  dodecal^ro^V 

,  For  *e  incidence  of  N  on  N'  106°  ^5'  14' 


'  For  that  of  N  on  N",  137"  5'  66^'.  'ttff  ;e*:U^ 
4f  6'28".  ,_.,  .,-7  ■■,  .■  \.„,,  j,n,... 

We  see  that  there  remaine  still  a  certain ^f^^^ivlie  for  ^ewg^, 
citable  differences  of  otber  Hnr1pfjib<>Hmna  appl^i^^l f^ ing  TM  JjWft 
wild  more  to  the  metastatic ;  hiit  whirji  r^opTy  !>«  ,tjTOin&flJ|, 
hypothetic ;  because  Ibe  law  on. which fhi^  vrqui^i^ep^^mnji 
deviate  more  and  mpre  from  the  sjinplicily  .^fth^  (us^pa^g^Jm, 

iban  that  represented  by  D,  the  pogsSiiS^-^'v^  ^f  whi^M 
be  questioned. 

I  return  to  the  measurements  of  angles  takep  by  tte  refle4;^ing 
gpniometer.  Mr.  Phillips  acknowlei^s  thai-  this  inatruinent  a 
very  delicate,  and  reqiures  great  atteution  in  the  chojce^  of  tte 
crystals  to  be  measured.  He  ujentioiis  one  which,  gave  him 
successively  for  the  inclin&tion  of  two  of  its  laces  92^5&'  god 
93,"  aty,  or  even  93*  23',  which  makes  a  difference  ,of  30f.  ,^ 
•peaks  of  another  kind  of  difficulty  wliich  coioes  from  the  Joeauafi*- 
tiesqfreflexionon the  different  iaccs.  Having tinderlakeptpdet«- 
mine  the  angles  of  the  ciystals  of  oxide  oftm,  henodoi4)thad»t 
his  disposal  the  most  perfect  which  the  county  of  Cornwall  could 
fiuiush ;  and  he  has  him&elf  furnished  the  touchstone  ,of  he 
Ksults,  by  indicating  the  measures,  which  may  be  consii^eredas 
"riven  a  priori,  or  which  depend  geouietrically  on  each  other, 
*e  have  seen  that  some  of  the  diSeriences  which  had  prevented 
him  from  being  of  accord  with  himself,  were  ftgiyil  to  those 
which  exist  between  the  primitive  angles  indicated  by  his  gonio- 
meter, and  those  which  correspond  With  the  limits  which  fhave 
adopted,  and  that  there  is  even  one  which  goes  a  great  dei) 
fihther;  nameHy,  to  26'.  ■    >  -y^ 

Without  venturing  to  pretend  that  the  simple  ratios  on  n4ikh 
these  hmits  depend  are  the  tme  ratios  of  nature,  as  aeeniB  t^  |U 
to  hsve  betn'  the  conclusion  of  philosophers  of  diaiiiigt^iiKe3 
merit,  I-tliiok-M  least  that  the  resolts  inst  stated  are  jnaSK&nitt 
to  detfitinSlfate  the  contrai^:  Sut  1  will  snppose,  if  you  J^ebm, 
ibat  tbfl'  reflecting  goniometer,  emplt^ed  with  alD  tiie  remiiifij 
skin  dfi^^^tild'poBsesfied  of  the  greatest  perfe<^on,  gives  apptt- 
el^e  «^fGtt«M  fVoni  the  angles  deduced  fjeoxa  the.  ratios  of 
wbidh  I  b'af^  sp«keii, 'and  tbM  these  d^eiieiKee  may  amount  to 
half"ftdfegr^.    " 

To  'rendiet'  thenew  anel^s  tibtained  in  flJs  wfy  fijapable  of 
betAg'  ^tn^loyed  in  the  appScations  of  the  tiiedry,  yn  mnst  cMoce 


t 


a  fixed  ratia  between  t^ii  sines  abd  cosines.     Biit  in  the  fir^ 


gStf^tjiTO'^i^  iigre=  Wn  -dgdrigea  having  buCiui'in^efnii^ 
d)^^^eeof  ^retihi^.  "\^fdret,'  suppaBs  in' the  ^aluatioa  ot  thew 
measof^s  w«  neglect  eye^.  thing  beyond  a  certain  quantity,  s'^h 
lIV'tbe'fMinfte  -oHecohd,  fhe  ^Wnherff  representing  the  Sine^'al^^  - 
cosines.  wiU  alway^.  exhibit  a  series  of  decimals,  which  has  nil 
tlHidtunafioif ;  BO  tMt  We  must  still  neglect  something  in  order  to 
snbmit  them.,  to  calculatipn.  In  my  mode  of  operating  the 
odiiSft^ti^  of  i'-gimple  rati(),  which  presents  itself  to  our  view, 
ptfb^  <nlt  thetermat  whicbwe  ought  to  stop ;  so  thatif  <fiffer«Cit 
^JjM^iVeii^KTe  dlrtet^d  by  tl^e  same  rule,  they  will  agree  about  the 
entity  't^HiJe  fitted  point  in  c^uestiou.  If,  on  the  other  hand,  w« 
fAppoiiff'^tfai  tcr  ■  set '^ut  from  measures  taken  with  dififereal 
inatnunents  in  their  possession,  tliey  will  necessarily  vaiy  in  the 
dUeScH  tifthtf  Bmit'at  frhich  they  ought  to  remain. 

Thus  the  measures  of  the  angles,  which  have  been  publishsd^ 
though  valuable  in  themselves)  are  hitherto  nothing  more  than 
isolated  observations,  which  nobody  has  attempted  to  brii^ 
under  the  requisite  form  to  mate  smtable  to  the  theory.  It'is 
the  business  of  the  philosophers  who  have  given  us  these  mea- 
Hifferto  complete  tlicir  wurkbygiving  us  the  manner  ofdedudiw 
firom  them  the  flsect  data  for  the  solution  of  problems  relative  ,tpi' 
th^  geometry  of  crystals.  But  I  think  I  can  a£Srm,  thatfhesk' 
dMt  tyill  do  nothing  more  than  displace  a  litUe  the  term  &^&' 
wfeich  the  theory  must  set  out,  and  that  withoat  any  c^I^, 
assistance  than  that  of  the  ordinary  goniometer,  it  has  at  i{);e8^t 
afloat  is  requisite  to  arrive  at  its  principal  o]bject,  by  a  ^ont^. 
edu^y  Certain  and  easy,  ■    '    .  .^. ' 


arLi-.l  i':~vr  .-..:  ■     J  AATlCLSi  til'.    .■■--     ■■    -.-    ■;.•-: 
Memoir  on  Cyanogen  and  Hydrocyanic  Acid.  By  }|LV«nqudm;*- 

rg|fcgpe^aino"i%  tiienuipber  of  ■  bodies.  T^Mioh  fl^re-parti*»lwiy. 
c^^j^3the  attentjpfl,,,9f.tite  most .ce!ebr^«d  chewjimi  -Tie 
anggfe„Qf  .t%  ficieijce  rap^liitlie  numerpi)^  experiraeftts^tned.  >n 
Vaifl;.OT.|CfeaSroy,,Bra«q»e;(„,^d  T^sx^m^a,  \o-  e»«r^:^a 
cojmji^^rintiiple  pf^prusfiij^rbluft;  iiit^w^rfi^eflveji.fqr;^^^*;^ 
to  rtj^5,tlipt  iioporta^^j^wJ^ijsfi^  w^ict4,afterwiwdS:l!ec^y&d, 
from  Serthollet  aU,  fl^,  ^qc^velons^ittt!  6^^>ist^at.  ^ithj^Ui^  ^gn 


state  of  chemical  science.  However,  the  contini^,i>ipjp9|g 
which  c^^emiatcv  "«rie;|fcm.ll»y:!to  (lay.  §oon  «nabled  iw-  to  pSr- 
ceive  great  Ul         i-^JijigJHv^gc  of  the  properties  of  pniaaift 

•  Aaadi  banucir,  No*.  1918,  p.43& 
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kcmI.  .  This  produced  a  desire  to  see  siniie  skilful  chemiet  ujidei- 
taJu-tkia  difficult  task,  and  give  it  all  the  perfection  whic^  tk 
great  impfOTemfiatB  in  the  meaiu  of  analysts  induced  cheiniAs 
to  wish  for  and  expect.  This  ta&k  was  iiccordingly  und^alieii 
by  M.  Gay-Lussttc,  aod  the  results  to  winck  he  arrived  wooid 
have  been  aetanisbiag  bad  they  not  been  produced  by  a  pliilixa- 
pher  poaseBued  ofveryuncommoiisagacjtyj  yet  be  acknonieilgAil 
that  experiment  were  still  wanting  to  complete  the  snl^eGt- 
This  confesBion  occaBioned  the  meiaoii'  of  M.  VauqueUD.  of 
which  we  propose  to  ^ve  an  abridgmeat  ii(  the  prewDti  u^. 
Even  M.  Vauquelin  himself  still  admits  that  )us  own  lo^urajut 
fu  from  completing  our  knowledge  of  this  intzicate  aut)|«ct. 
"  Though  I  found  the  road  stru(£.  out,  and  easily- fiw«pi^ 
saya  he,  "  1  am  yet  tar  from  pretending  that  I  bitvcJtcsrm 
the  whole  of  it.  Many  lateral  paths  issumg  irom  diat,  B^ta^^l 
remain  to  be  discovered.  Bnt  these  rovts  will  gradw^  V,pl 
open."  .  .__-;■..,-  ^:,;r^- 

Of  the  Alteration  which  Ct/aiiogen  dissolved  m  W^if^ 'gn^^tf 
undergoes.    ,    ,■ -.1.''!,'°    Ti 

Tlie  phenomena  presented  hy  the  decompouUpn  ^  tS^^OffSP 
dissolved  in  water  are  very  important  to  bp  Ksown.  ■  ■.li^p^tMBi 
depend  the  explanation  of  a  multitude  of  Ghnn^ea.^wenr«|^i%a)e 
reaction  of  this  body,  and  of  hydrocyauia  acid  (m  Of^^T'ltpw*. 
This  is  the  reason  why  M.  Vauquelin  bfgios  with  iiiaj^ 
memoir.  '.]-■■■  1^ 

The  fresh  solution  of  cyanog«n  in  water  is  gnitn  flnimiijna; 
iiut  after  an  interval  of  some  days  it  becomes  yellow^  tbaabr^tfB, 
and  allows  a  matter  of  the  same  cobur.to  prec^tat«.  "niau^ 
UquoT  has  lost  the  penetrating  odour  of  cyanogen,  aud  poBsess^ 
the  peculiar  odour  of  hydrocyanic  acid.  If  iron  Slm^.^  ofit 
occasion  the  fonnation  of  pnissian  blue,  as  would  h^pen  if  tiier 
were  brought  iu  contact  with  pure  hydrocyanic  .aci(|,  tfci» 
depends  upon  a  cause  which  will  be  uiid^rsLood  immediate^- 
VTe  may,  however,  produce  prussian  blue  in  the  liquor  ^fparatifl 
from  the  iron  filings,  by  adding  to  it  a  slight  excess  of  sulphuric 
acid.  When,  on  the  cootraiy,  the  iron  is  auperabundtint,  the 
sulphuric  acid  combines  tvith  it  bv  little  and  htUe,  ^gd  tbe:]»Iiie 
colour,  which  was  at  iirst  manifest,  disappean;  butjti^(n|^ 
appears  ^ain  when  a  new  dose  of  acid  is  added.  .  '  ,  ;~; 
,  Water  seems  to  be  the  sole  efficient  cause  of  the  f(lte(atfoi|,<]f 
cyaBQgen  in  the  present  case.  M.  Vauquehn  ho^  aaceft^in^ 
)A{^;the  solutktn  of  this  body  iu  etJier,  tttO^gh  qmcj^y  aud^'^sj^ 
^^e,  dpes  Dut  become  colpured,  ^n^  thaf  ajL^oliol  if^t^  itjW 
^UACj^.  tlie  less  the,  stronger  it  is.  .  ^; 

, ;,:lihe  aqueo^  si^lutiOn  ^f  pyanpgen,  ^^red by  ptvwilil^  f^aji^) 
jyluw  diKtiUed,  a  liqu^^  having  a  strong  odopr  pf  bs^ocy^ 
.acud,  which  contains  bydriodste  of  ammonia  and  aaDc^Litiooate 
of  aniHtoDia.i  ThsJvaidv&of  this  (UetiUatieari^  a-)(q]tiid»  'hpt^ng 


19]  9.)  Cymogm  mid  H^roeyanic  Acid.  4tSl 

S^MikletiiRi^a  b^wn  lootieitter  in  veiry  nimute  particles.  AIlo#ei 
^bSobflte  iifetur  1^^  tepbse  and  evaporated  etotioUMy/ it  yiieldJI 
'HijifXAf  Wliich  bare  a  coolih^  aiid  ptingent  taste,  ^rtnch  strett 
98iS'e*#)lkbbt'ate  in  smoke,  leavmg  a  slight  trace  of  chalrc'od  VPheA 
TtortmNipbn  a  red  hot  iron,  but  do  not  inflame. 
^^^^!6tir  Exhibit  quite  diifereiit  phetiomena  from  those  of  a  nitrate 
^^fi^'wrown  upon  red-hot  charcoal.    The  aqueous  solution  of 
fiLtflr^tJrystals  precipitates  the  nitrate  of  silver  and  acetate  of  lead 
^  white  flocks  soluble  in  nitric  acid;    It  occasions  a  slight  mud- 
fli^Mss  in  the  soliition  of  nitrtite  of  baiytes,  which  disappears  on 
^IKe'^^  ;additioln  of  nitric  acid.    It  gives  out  a  strong  odoiu*  of 
;|d^HiMmia  when  triturated  with  caustic  potash,  and  does  not 
*^  "riiih  prossian  Hue  by  means  of  sulphate  of  iron,  not  even 
t  being  mixed  with  potash.    However,  the  addition  of  weak 
jiatte  acid  devdopes  in  it  a  strong  odour  of  hydrocyanic  acid, 
%Uch  cannot  be  deceitful,  says  M.  Vauquelin,  for  a  paper  on 
iprhich  oxide  of  iron  had  been  deposited  being  exposed  for  sonie 
tinievto  this  ywour,  became  blue  when  plunged  into  weak  sul- 
imnnc  acid. 

It  is  evident  from  these  facts  that  the  crystals  in  question  have 

^ISfSaipSckM,  for  their  base.    But  what  is  the  acid  whicn  forms  their 

'dfler  Mn^tituent?    VauqueUn  is  of  opinion  that  it  must  be  a 

'  mWacid  hiiherlb  unknown.    The  small  quantity  of  these  ciys- 

tt^  which  this  celebrated  chemist  obtained  did  not  put  it  in  ma 

pe^wtT  to  separate  this  acid  and  to  study  its  properties. 

From  the  preceding  facts,  we  may  concluoe  that  the  decompo- 
^«i^n  of  cyanogen  disserved  in  water  occasions  the  formation  of 
^ffifee  k^wacids  and  of  ammonia,  which  saturates  them.  One  of 
^Ihese  is  hydrocyanic  acid,  and  the  two  others  are  carbonic  acid 
iioiS  the  peculiar  oxygenized  acid  just  mentioned,  to  which 
TM,  Vauquelin  has  given  the  name  of  cyanic  acid, 
v." 'The  brown  matter  deposited  is  owing  to  this,  that  the  quantity 
^of  hydrogen  requisite  toproduce  hydrocyanic  acid  and  ammonia 
dbiei^  not  produce  a  sufncient  quantity  of  oxygen  to  convert  all 
""^b^  teiboh  and  azote  of  the  cyanogen  into  an  acid . 

Ml        Way  in  which  Cyanogen  acts  on  the  Metallic  Oxides. 

'^lii^IjVatiquelin  explains  in  this  paragraph  the  general  way  in 
"^Mitfcll  cyanogen  acts  oh  the  oxides. 

This  action  is  not  the  same  with  regard  to  all  the  6xid^s  ;  bat 
>jft^  di^rmces  have  not  beien  exactly  appreciated:  The  alkaline 
^^H^ddes  act  with  greet  ener^  oh  cyanogen.  They  TSfri^e^'.  it 
tilid^rgo  a  decomposition  absolutely  similar  to  that  ob^erv^d  With 
#8ler  alone;  witn  this  difference',  however,  that  the  fdkalieB^ftet 
Biifch  mxx^  rajndly .  The  brown  matter  appears  all'  dT  a-  Jafuddefei- ;. 
hitU  eMM  i'  Bvi^nt-wh6n  ttiere  is  an  eiitic^iElsi  of  alkali, 

«ld«au«^  HK^  M  k^tiief  property  of  dis^lvift^^  it 

Thcrfci  tfl«  fch  iRtoe  the  ihre^- acid*'  fbrnietf^ 

ffMMA  4aaj^  hit  si&starice  is^dtseii^ed. 
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because  its  saturating  affinity  is  much  smallw  than  that  of  As 

Stash  or  soda  employed  in  the  expemnent*    M.  VaaaiMbp 
^m  these  facts^  concludes,  that  the  oxides  are  ^^^^^paMft  of 
forming  cyadides. 

Action  of  the  red  Oxide  of  Mercury  on  Cyanogen  diitoboei  » 

Water. 

M.  Vauquelin^i  obiect  in  this  experiment  is  to  know  if  two 
salts  are  formed,  and  consequently  two  acids. 

For  this  purpose  he  f>ut  the  peroxide  of  mercniy  in  contact 
with  cyanogen  dissolved  in  water.  The  odour  of  this  gas  spM^ 
dily  disappeared,  the  volume  of  the  oxide  diminiahedy  ue  Ikper 
acquirea  a  mercurial  taste,  and  the  residual  mercury  assumed  i 
brownish  tint. 

This  liquor  distilled  in  a  retort  gives  a  liquid  chaiged  wlk 
subcarbonate  of  ammonia,  and  there  remain  in  the  retcnrt  liO 
sfdts  which  crystallize ;  the  one  in  square  prisms,  ooiistitiitii| 
cyadide  of  mercury ;  the  other  in  square  plates,  sometflMl 
bevelled  on  the  ed^es,  having  a  taste  at  first  codiiig  and  pa* 
gent,  but  afterwards  mercurial.  This  salt  is  more  sdoUe  thia 
cyadide  of  mercury,  and  flies  off  in  smcdce  when  thrown  vsfOBL 
burning  coals ;  while  the  cyadide  of  mercury  deciepitatM. 
Muriatic  acid  disengages  from  it  a  strong  odour  of  hydrocyittic 
acid ;  and  if  some  time  afler  we  add  a  little  potash  to  the  mix- 
ture, a  white  precipitate  falls,  and  ammonia  is  disengaged.  In 
this  case  two  salts  nave  been  formed,  as  happens  wim  chlorine. 
But  do  these  salts  differ  in  the  nature  of  their  acid  ?  or  is  there 
any  other  difference  between  tliem  besides  the  existence 'Of 
ammonia  in  one  of  them  ?  Notwithstanding  the  probabilities  in 
favour  of  the  formation  of  two  acids,  M.  Vauquelin  does  not 
venture  to  give  an  opinion,  but  leaves  Uie  point  to  be  determined 
by  future  investigations*. 

Action  of  Hydrocyanic  Acid  on  Hydrate  of  Copper. 

The  object  of  this  investigation  is  to  determine  the  difference 
between  the  simple  and  the  triple  prussiate. 

When  hydrocyanic  acid  is  placed  in  contact  with  oxide  of 
copper,  it  immediately  loses  its  odour,  and  forms  a  compomid 
of  a  greenish-yellow  colour,  which  crystallizes  in  small  giauuu 
If  we  wash  this  compound  with  boiling  water  before  it  crystal- 
lizes, it  becomes  white,  and  dissolves  in  ammonia  withoift 
colouring  it,  provided  always  that  it  is  not  in  contact  with  the 
atmosphere.  This  fact  had  been  ahready  observMl  by  Scheds* 
Thi^  prussiate  of  copper  dissolves  with  effenrescenca  in  mtiio 
acid ;  and  M.  Yauqueun  is  of  opinion  that  he  recognized  the 
odour  of  hydrocyamc  acid  mixed  with  that  of  nitrous  ms^  Vflm 
placed  in  contact  with  caustic  potash^  it  becomes  ySlowj  then 
brown,  and  finally  slate  grey. 

When  distilled  in  a  tubf ,  it  gives  in  the  first  place  an 
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Uqpo^,  whiqh  is  ^peediW  fallowed  ky  unmonia ;  asd  the  browo 
teaidoQ,  wKea  disBotvfd  in  loiiriatic  acid,'  foratB  a  yellow  BolOtlQn, 
■Ip '^biw  pdttuih  produces  a  pi^ciutatc  of  the  same  ^olbiir. 
M.'Yauquelin'd&ea'aot  say  poBitive^  whether' this  pni^aiate  be 
a  hydrocyanate  ;  yet  as  the  affinity  of  copper  fo)'  oxygen  i^not 
yety  Btron^,  it  ia  veiy  o&^ural  to  think  Ul^  wh^nthe  oxide  of 
copper  unites  with  hydrocyanic  acid,  it  produces  a  cyadide.  But 
^e  colour  of  this  substance  is  jiot  that  of  the  red  pruaeiate 
Obtained  by  the  action  of  tx\p]e  pruaiiate  of"  potash,  or  sulphate 
of  copper.  But  as  this  prussiata  coataina  pmasian  blue,  it  is 
|R&8ible  th&t  this  la^t  substance  has  some  uoflucnice  on  the 

'^'  i[ .  On  t^  _FrKutate  of  Copper. 

The  prusaikte  of  copper  is  of  a  fine  red  colouiv  It  is  yeiy 
bi^^yj:  while  moist.  Aviien  txeated  with  aouoonia  its  volivne 
■pW'T'tf^f  very  much.  ^It  loses, ita  colour,  becomes  gre^niah- 
MlittJK^^sai^am'uaea  a£n«talline  form.  The  ammonia, in  whioh 
■^^.ffff^at^  is  digeAteci,  is  scarcely  tinged  green;  though, it 
Sfi^XfiUffk  a,little  copper.  When  diluted  with  water  and  kept  ia 
a^elLcoi&edphial^  it«UowB,fafter,8omG  time,  abeautiful  orangft- 
gxioiW)e4  matter  to  fall.  down. 

; -^In^ jffusaiate  of  copper,  rendered  green  by  ammoQia,_  when 
^^ji}  contact  witih  water,  itomediately  recorera  its  original 
tmOtr\,fni  Ijtua  ph^wipieooD  may  be  renewed. as  of^  aa  we 
pteast...     __^ 

^^yai^^uiia.  CQD^ndes  from  these jntere^tmg. facts,  1,  That 
t^fffiikpfiqion  pnusiate  of,  copper  is,  a  livdiate ;  3.,TI;^t  amiftoiw 
Vge^^.'d^I^res  it^Jaf^'the  water  whicn  it  contaios-i  .3.',Tb^Jita 
^,;^(^nf  is  bwifig.,tD  .water^-aod  that  jts  aatHcal,col9ur  U 

h-.^n^'*'^^^'''  oburveii  tW  it  ia  rfmackable  to  sM  tiiis  alkali 
Eaviiig  no  other  action  on  common  prusBiateof  Wgp^  bi^t-.th^t 
of  abstracting  its  water ;  while,  on  the  other  hand^  i^  i^  &  good 
solyent^oJ^thAsifflpIfipruaBiate.  of  c(^)pBr.  ',  V  .  ,,  :  ' 
itation'of  (^eti^at  M-^he  Oxide  of  Iron trndbrtMetalHe  Iron. 
In  the  researches  that  follow,  M,  Vauquelin  examines  a  diffi- 
i&lt  OTiefeti'on,  not  hitherto  answered  ;  namely,  whether  prussian 
bfa^  he  a  hydrocyanate  or  a  cyanide.  This  Celebrated  chemist 
h'Eiving  formed  an  opinion  on  the  subject  founded  on  experiment, 
■we  shall  not  be  hereafter  under  the  necessity  of  forniing  rague 
i'deas  respecting  a  edbstauce  'So  generally  known  and  so  usefuL 
"*-Ti:bm  the  preceding  part  of  this  article,  it  \vill  be  eSisy  to' see 
liim' happeus'when  c^'unogen  dissolved  in  water  is  biaced'la 
Contact  with  oxide  of'iron  or  wiih  metallic  iron.  M,  Vaii^uelin 
ettnmerates  the  phenomena  which  he  obseWed,  and  lie  concludes 
from  it  that  cyanogai,  wti""  M  contact  With  olcide  ofirtJn,  under- 
goes the  same  changed'  Tat6E'"'''^9.  but  with  greater  rapi- 
dity :  that  ammonia,  Q  Ijy^tfcJ^ilic  acid.  "STS 
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^formed  ^  and  that  this  last  substance^  faistead  of  uniting  excbh 

'sively  with  ammonia,  combines  likewise  with  the  oxide  of  iron. 

'There  is  also  deposited  a  charry  matter,  and  it  is  probable  that 
cyanic  acid  is  likewise  formed ;  but  M.  Vauquelin  was  not  aUe 
to  ascertain  its  presence. 

Cyanogen  dissolved  in  water,  when  placed  in  contact  with 

'  metallic  iron,  is  decomposed  as  it  would  oe  in  water  alone.  Bat 
in  this  case,  the  phenomena  that  take  place  are  much  more 
difficult  of  explanation.  M.  Vauquelin  is  led  to  believe  that  the 
iron  decomposes  the  water,  that  it  unites  with  the  oxygen  of  that 
liquid;  whue  llie  nascent  hydrogen  combines  with  a  portion  of 
the  cyanogen  and  converts  it  into  hydrocyanic  acid ;  and  these 
produce  hydrocyanate  of  iron  and  ammoma.     ''  Yet,  admitdog 

'the  decomposition  of  water,"  says  M.  Vauquelin,  ^'  we  mut 
allow  at  the  same  time  that  the  cyanogen  is  likewise  decom- 
posed, as  we  find  in  the  hquid  carbomc  acid  and  the  peculiar 
add,  which  could  not  have  been  formed  out  of  the  oxygen  of 

•  the  water.  It  is  certain  at  least  that  metallic  iron,  as  well  as  the 
oxide  of  that  metal,  accelerates,  in  a  remarkable  degree,  the 
decomposition  of  the  cyanogen,  probably  by  acting  on  it  as  a 
weidc  alkali  in  proportion  as  it  is  oxidizea." 

Action  of  Hydrocyanic  Acid  on  Iron, 

The  importance  of  this  paragraph  induces  us  to  copy  liten% 
the  text  of  M.  Vauquelin. 

'*  Hydrocyanic  acid  diluted  with  water,  when  placed  in  contact 
with  iron  in  a  glass  vessel  standing  over  mercury,  quickly  pro- 
duced Prussian  olue,  while  at  the  same  time  hydrogen  gas  was 

'  given  out.  The  greatest  part  of  the  prussian  blue  formed  in  that 
operation  remains  in  solution  in  the  Uquid.  It  appears  onljf 
when  the  liquid  comes  in  contact  with  the  air.     This  shows  ui 

'  that  prussian  blue  at  a  minimimi  of  oxidizement  is  soluble  m 
hydrocyanic  acid. 

"  Dry  hydrocyanic  acid  placed  in  contact  with  iron  filbgi 
undergoes  no  change  in  its  colour  nor  smell;  but  the  irqn 
which  becomes  agglutinated  together  at  the  bottom  of  the  vessel 

'  assumes  a  brown  colour.  After  some  days,  the  hydrocyanic 
acid  being  separated  from  the  iron,  and  put  in  a  small  c^nfc 

'  under  a  glass  jar,  evaporated  without  leaving  any  residne. 
Therefore  it  had  dissolved  no  iron. 

''  Hydrocyanic  acid  dissolved  in  water  placed  in  contact  wiA 

.  hydrate  of  iron,  obtained  by  means  of  potetsh,  and  washed  widi 

^boiling  water,  furnished  prussian  blue  immediately  without  the 
addition  of  any  acid.    Scneele  has  made  mention  of  this  bet* 

^WheixhYdrocyanic  acid  is  in  excess  on  the  oxide  of  iron,  the 
liquor  which  ^oats  over  the  prussian  blue  assumes,  after  Mttt 
time,  a  beautiful  purple  colour.    The  liquor,  when  evaporaMi 

'IcftVes  upon  the  edge  of  the  dish  circles  of  blue,  and  oth©»»-flft 
piirple  colour,  and*  likewise  ciystals  of  this  last  ooktff  '        >, 


A^ 


18194  Cyanogen  and  Hydrocyamc  Acid.  ^36 

water  is  poured  upon  these  substances,  the  purple-coloured  body 
alone  dissolves,  and  gives  the  liquid  a  fine  purple  colour.  The 
substance  which  remains  undissolved  is  prussian  blue,  which 
had  been  held  in  solution  in  the  hydrocyanic  acid.  Some  drops 
of  chlorine  let  fall  into  this  liquid  change  it  to  blue,   and  a 

greater  quantity  destroys  the  colour  entirely.    It  is  remarkable 
lat  potash  poured  into  the  liquid,  thus  deprived  of  its  colour, 
'  occasions  no  precipitate  whatever. 

^'  Chemists  will  not  fail  to  remark  from  these  experiments 
*tliat  hydrocyanic  acid  does  not  form  prussian  blue  directly  with 
iron  ;  but  that  on  the  addition  of  water  (circumstances  remaining 
the,  same)  prussian  blue  is  produced. 

**  They  will  remark  likewise,  that  cyanogen  imited  to  water 

dissolves  iron.    This  is  confirmed  by  the  inky  taste  which  it 

ac<}uires,  by  the  disappearance  of  its  colour,  and  by  the  residiiie 

ivhich  it  leaves   when  evaporated;    yet  prussian  blue  is  not 

'  formed. 

^'  These  first  experiments  seem  already  to  show,  that  prussian 
blue  is  a  hydrocyanate,  not  a  cyanide. 

Action  of  Heat  on  Prussian  Blue.  ^ 

"  To  complete  our  conviction  of  the  nature  of  prussian  blue, 
it  appeared  necessary  to  examine  it  with  care ;  and  in  the  first 

5 lace  I  shall  explain  the  phenomena  which  take  place  when  it  is 
ried. 
"  It  took  fire  like  pyrophorus,  and  continued  to  bum  till  it  was 
entirely  destroyed,  although  the  platinum  vessel  in  which  it  was 
contained  was  removed  from  the  fire.    During  the  whole  time 
'  that  this  combustion  lasted,  hydrocyanate  of  ammonia  was  di^- 
'  engaged,  as  was  easily  ascertained  by  the  smell.    The  residde 
was  red  oxide  of  iiron. 

''  The  anmionia  and  hydrocyanic  acid  disengaged  during  tUe 
whole  duration  of  the  combustion  of  prussian  olue,  give  a  n6W 
^  support  to  the  opinion  above  given,  that  this  substance  is  *a 
'  hydrocyanate  of  iron. 

'^  Prussiate  of  iron  purified  by  sulphuric  acid  and  dried  is 
much  as  possible  was  distiUedin  a  retort.    Soon  after  the  opera- 
tion began,  drops  of  water  were  seen  condensed  in  the  beak  of 
'  the  retort.    Afterwards,  when  the  heat  had  become  stronger, 'a 
.  white  vapour  appeared,    which    condensed  into  needle-forin 
crystals.    The  gas  extricated  during  this  operation  was  collected 
in  four  Jars  of  the  same  size.    The  first  portion,  Wheii  mixed 
-with  a  solution  of  potash,  lost  about  a  thira  of  its  volume.    The 
'  two-thirds  not  absorbed  burned  with  a  blue-coloured  flame,  and 
the  product  of  the  combustion  precipitated  lime-water.     The 
'  potash  employed  ir  ^^^s  operation  did  not  sensibly  effervesce 

*  with,  lb  »^  H       '^ered  lime-water  slightly  nnlky,  and  'it 
form^  blue  with  the  acid  sulphate  of  iron. 

*  Ihift'  rbed  was  chiefly  hydrocyanib  acid. 
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''  The  second  portion  of  gas  when  agitated  with  water  loit 
half  of  its  Yolomey  and  this  water  had  ax^quired  very  sensibly  the 
smell  and  taste  of  hydrocyanic  acid.  It  gave  a  blue  colour  to 
litmus  paper  reddened  by  an  acid,  and  formed  prussian  bine 
with  the  acid  sulphate  of  iron.  It.  was  hydrocyanate  of  ammonia 
which  the  water  nad  dissolved.  The  gas  not  absorbed  by  water 
burned  likewise  with  a  blue  fTame,  and  the  product  of  its  com* 
bustion  rendered  lime-water  milky. 

'*  The  sides  of  the  third  jar  were  covered  with  a  yellow  maltter, 
which  had  the  appearance  of  anoil^  and  which  was  soluble  in  pot* 
ash.  Water  absorbed  only  a  fourth  part  of  this  gas.  It  assamei 
a  yellow  coloiir,  became  alkaline,  and  acquired  a  very  senaUe 
taste  of  hydrocyanic  acid.  It  produced  a  great  deal  of  pnusiia 
blue,  with  acid  sulphate  of  iron.  The  insoluble  gas  was  offle 
same  nature  as  in  ttie  preceding  jars. 

"  The  salt  which  had  sublimed  in  the  neck  of  the  retort  dur- 
ing the  distillation  of  prussian  blue  was  dissolved  in  water.  It 
had  a  strong  smell  of  ammonia ;  its  solution  was  very  alkaline; 
it  effervesced  with  acids ;  and  did  not  form  prussian  blue  witli 
acid  sulphate  of  iron.  It  appears  from  this  experiment  that 
hydrocyanate  of  ammonia  is  more  volatile  than  carbonate  of 
ammonia. 

"  The  residue  of  this  distillation  was  slightly  attracted  by  fte 
maenet.  It  dissolved  without  effervescence  in  muriatic  add, 
and  its  solution  was-  precipitated  greenish-brown  by  ammonia. 
After  the  action  of  the  muriatic  acid  there  remained  a  smaO 
quantity  of  prussian  blue,  which  had  not  been  decomposed. 

^*  The  results  furnished  by  the  decomposition  of  prussian  bke 
by  heat  show  clearly  that  it  contained  both  oxygen  and  hydro- 
gen. But  do  these  two  bodies  constitute  an  essential  part  of 
prussian  blue,  or  do  they  come  from  the  water  which  it  stiO 
retained  ?  This  we  must  examine  before  we  can  form  an  accurate 
opinion  respecting  the  nature  of  prussian  blue. 

"  Without  aiBrming  that  it  is  possible  to  dry  prussian  Hoe 
completely  without  partially  decomposing  it,  we  may,  at  least 
with  some  reason,  think,  that  the  little  water  which  it  contains 
cannot  resist  the  action  of  the  fire  to  the  end  of  the  decomposi- 
tion of  the  prussian  blue;  the  time  at  which  the  proaucts 
contain  the  greatest  proportion  of  oxygen  and  hydrogen. 

"  Having  mutually  decomposed  the  requisite  quantities  of 
sulphate  oi  iron  and  prussiate  of  potash  oissolved  in  water,  I 


tint  of'^green :  in  the  course  ^of  another  month,  the  colour  became 
of  a  dii^  yellowish  white.  When  the  colour  seemed  to  undergo 
no  further  alteration,  I  decanted  aUttle  of  it  into  a 'glass,  where 
the  colour  soon  became  greenish ;  and  on  adding  water  and 
agiti^g  it  assumed  a  fine  nlue  colour.    If  prussian  blue  wer«  a 

\ 
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cyanidei  the  only  change  likely  to  be  produced  by  the  iron 
mings  would '  be  to  a  subcyaniae,  and  we  could  not  conceive 
how  this  body  should  resume  its  blue  colour  from  the  contact  of 
water  and  air.  But  it  is  easy  to  conceive  how  the  iron  could 
deprive  the  hydrate  of  that  metal  of  a  portion  of  its  oxygen,  and 
thus  change  the  compound  into  a  protohydrocyanate  of  iron. 
It  appears  even  that  the  oxide  of  iron  formed  during  this  opera- 
tipn  has  not  itself  been  separated,  otherwise  the  prussian  blue, 
when  exposed  to  the  air,  would  have  assumed  a  greenish  tint^ 
which  did  not  take  place.  Nor  can  we  suppose  that  this  white 
,  matter  is  a  subhydrocyanate  ;  because  before  such  it  compouiid 
<^uld  have  been  formed,  hydrogen  must  have  been  disengaged, 
which  was  not  the  case.  We  might  suppose  indeed  that  the 
iron  dividing  the  oxygen  with  that  which  enters  into  the  compo* 
sition  of  Prussian  blue,  had  formed  a  combination  which  was  a 
^aubprotohydrocyanate.  But  had  this  been  the  case,  it  would 
have  assumed  a  green  colour  when  left  in  contact  with  the  air. 

"  This  ought  then  to  induce  us  to  conclude  that  prussian  blue 
is  a  hydrocyaiiate,  and  that  the  oxygen  which  it  furnishes  dur- 
ing its  decomposition  belongs  to  the liydrocyanic  acid  and  to  the 
iron. 

"  If  we  consider  the  great  affinity  of  iron  for  oxygen,  we  shall 
jBcarcely  beheve  that  at  the  instant  of  the  formation  of  prussian 
blue,  in  consequence  of  the  contact  of  hydrocyanic  acid  with  fhe 
hydrated  oxide  of  iron,  this  last  substance  gives  up  its  oxygen 
to  the  hydrogen  of  the  acid,  which  itself  strongly  retains  that 
substance.  If  we  attend  to  the  decomposition  of  water  by  iron 
and  by  cyanogen  itself,  as  has  been  shown  above,  we  shall  be 
still  further  from  beUeving  that  prussian  blue  is  a  cyadide.'' 

Action  of  Sulphuretted  Hydrogen  Gas  on  Cyanogen. 

By  mixing  together  over  mercury  equal  volumes  of  cyanogen 
and  sulphuretted  hydrogen,  M.  Vauquelin  endeavoured  to  ascer- 
tain whether  these  two  gases  decomposed  each  other.  The 
volume  remaining  the  same,  after^an  interval  of  some  days,  and 
no  perceptible  change,  having  taken  place,  M.  Vauquelin  let  up 
a  quantity  of  water  not  sufficient  to  dissolve  the  whole  of  the 
cyanogen.  Immediately  on  the  contact  of  the  water,  the  gases 
were  rapidly  absorbed  ;  the  hquid  assumed  a  yellow  tint,  which 
passed  speedily  to  brown,  and  there  remained  merely  a  Uttle 
azote  proceeding  from  tfie  decomposition  of  the  cyanogen.  The 
liquid  had  no  perceptible  smell,  its  taste  was  at  first  cooling, 
but  became  soon  y.ery  bitter ;  and  what  was  very  remarkable,  it 
did  not  sensibly  redden  litmus.  When  mixed  with  an  acid  solu- 
tion of  sulphate  of  iron,  it  did  not  produce  prussian  blue ;  but 
when  potash  was  poured  into  the  mixture,  vish-green 

precipitate  fell,  which,  being  redissolved  by  i  .  ^'      '*ft 

a  little  prussian  blue. 

The  same  liquor  produced  no  act!  n  on  act 
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• 

aulphuret  appeared  till  caustic  potash  was  added  ;  and  tihe  super- 
natant liquid  formed  a  prussian  blue  when  mixed  with  add 
aidphate  of  iron.  But  this  same  liquor,  which  had  no  action  on 
oitrfite  of  lead,  precipitated  abundanUy  nitrate  of  silver  and 
muriate  of  gold.  In  the  last  case  only,  the  cyanogen  did  not 
become  sensible. 

What  ought  we  to  think  of  this  liquor?  asks  M.  Vauqnelin. 
Is  it  merely  a  combination  of  cyanogen  and  sulphuretted  hydro- 
gen ?  The  facts  stated  seem  inconsistent  with  this  opinion.  Is 
it  hydrocyanic  acid  holding  sulphur  in  solution  nroceeding  fioa 
a  reciprocal  decomposition  of  the  two  gases  r  This  opinioD 
appears  more  probable  to  M.  Vauquelin.  But  were  it  true,  hot, 
he  asksy  is  the  smell  of  sulphur  not  perceptible  ?  And  how  can 
we  explain  the  reproduction  of  sulpnuretted  hydrogen  and  rf 
cyanogen  by  the  solution  of  lead  to  which  potash  is  added? 
TTbis  difficulty  is  not  easily  got  over.  To  throw  some  light  upon 
the  subject,  he  put  hydrocyanic  acid  in  contact  with  sulphorma 
jsitate  of  minute  division  ;  but  the  two  bodies  did  not  act  sensibh^ 
on  each  other.  But  he  does  not  consider  this  negative  expen- 
ment  as  sufficient  to  overturn  the  preceding  opinion ;  because 
the  sulphur,  however  minutely  divided,  can  never  be  in  a  state 
comparable  to  what  it  is  in  when  thrown  down  from  sulphuretted 
hydrogen  gas.  This  liquor,  whatever  explanation  be  given  ofita 
composition,  is  very  remarkable,  from  its  neutral  state.  The 
class  of  acids  has  not  hitherto  presented  any  analogous  con^ 
pounds. 

'  Action  of  the  Oxide  of  Mercury  on  Triple  Prussiate  of  Potash 

M.  Vauquelin  proves  that  by  this  operation  a  quadruple  salt  is 
formed. 

The  cyadide  of  mercury,  placed  in  contact  with  potash,  does 
not  undergo  any  sensible  change.  But  the  case  is  different 
when  the  ferru^nous  prussiate  of  potash  is  placed  in  contact 
with  the  red  oxide  of  mercury.  There  is  precipitated  a  ferrugi- 
nous deposit  of  subhydrocyanate  of  iron,  and  a  part  of  the  potash 
Js  separated,  the  oxide  of  mercury  combining  mstead  of  itwitd 
the  hydrocyanic  acid.  The  new  quadruple  salt  resulting  firom 
this  singular  action  has  properties  peculiar  to  itself. 

Action  of  Sulphur  on  Cyadide  of  Mercury. 

M.  Vauquelin  endeavours  to  discover  by  this  action  the  rda- 
tive  affinity  of  sulphur  and  cyanogen. 

Two  grammes  of  sulphur  and  as  much  cyadide  of  mercniY, 
mixed  accurately  together  and  distilled,  furnished  280  cnhc 
^  centimetres  of  a  gas,  which  blackened  the  solution  of  acetate  of 
lead,  and  fomied  sulphurous  acid  when  bmned  ;  results  which 
demonstrate  the  presence  of  sulphuretted  hydrogen  in  this  gas. 
^  Analysis  has  proved  to  M.  Vaucj^uelin  that  110  cubic  centi- 
metres  of  this  gas  contained  eight  Oi  foreign  gas.    Tins  rednces 
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to  260  centimetres  the  total  of  the  cyanogen  for  the  280  in  the 
preceding  experiment. 

In  another  experiment,  in  which  only  two  decigrammes  of 
sulphur  for  two  grammes  of  cyadide  of  mercury  were  employed^ 
146  centimetres  of  a  gas  were  obtained,  whicn  did  not  blacken 
the  solution  of  acetate  of  lead ;  but  which  furnished  sulphurous 
acid  when  burned.  This  result  shows  that  cyanogen  is  capable 
of  holding  a  Uttle  sulphur  in  solution. 

M.  Vauquelin  has  observed  that  when  the  mixture  of  cyadide 
of  mercury  and  sulphur  begins  to  get  hot,  a  kind  of  explosion 
takes  place,  occasioned  by  the  sudden  disengagement  of  a  great 
quantity  of  gas,  which  carries  with  it  into  the  neck  of  the  retort, 
and  even  into  the  receiver,  a  portion  of  sulphate  of  mercury* 
The  disengagement  afterwards  takes  place  more  slowly.  There 
remains  in  the  retort  a  Uttle  sulphur,  cinnabar,  and  some  metal- 
lic mercury,  which  could  not  be  converted  into  sulphuret,  pro* 
bably  in  consequence  of  the  great  rapidity  with  wnich  the  gas 
was  disengaged,  carrying  with  it  a  little  sulphur.  M.  Vauciuelin 
never  observed  in  the  residue  that  charry  matter  which  is 
always  observed  when  cyadide  of  mercury  is  distilled  alone. 
.  *'  This  experiment,"  observes  M.  Vauquelin,  "  proves  that 
sulphur  decomposes  cyadide  of  mercury  at  a  temperature  much 
lower  than  that  at  which  it  is  decomposed  wnen  alone.  It 
appears  to  me  that  it  would  be  possible  in  this  way,  by  employ^ 
injg  the  requisite  proportion  of  sulphur,  to  obtain  pure  cyanogen^ 
without  any  portion  of  it  being  decomposed." 

On  what  happens  during  the  Solution  of  Cyadide  of  Potash  in 

Water. 

M.  Vauquelin  shows  in  this  paragraph  that  whenever  cyadide 
of  potash  is  dissolved  in  water  ammonia  is  formed. 

A  mixture  of  equal  parts  of  rasped  horn  and  subcarbonate  of 
potash  calcined  at  a  red  heat  till  they  underwent  fusion,  being 
^lissolved  in  water,  immediately  evolved  ammonia.  This  was 
easily  shown  by  suspending  over  the  vessel  litmus  paper  reddened 
by  an  acid.  It  became  speedily  blue.  This  liauor  being  distil-^ 
led  furnished  a  very  alkaline  hquid,  which  did  not  precipitate 
lime-water,  nor  form  prussian  blue  with  acid  sulphate  of  iron.  It 
was,  therefore,  pure  ammonia. 

We  ought  not  to  omit  mentioning  that  during  the  calcination 
of  the  mixture  above-mentioned,  particularly  towards  the  end  of 
the  process,  M.  VauqueUn  observed  white  vapours,  which  had 
a  well-characterized  odour  of  hydrocyanic  acid.  Does  this  acid 
exist  quite  formed  in  the  fused  matter?  M.  Vauquelin  thinks 
otherwise.  If  it  were  present,  the  matter  in  dissolving  would 
not  produce  ammonia.    He  vves  that  the  cyanogen  while 

passing  through  the  moist  i  lere  toll       l{sns  of  smell,  is 

converted  into  hydrocyapL  \  .tlie;ft  a  of  which  k) 


i; 
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fiirther  facilitated  by  a  little  potash  which  is  ^volatilised  by  tbe 

action  of  the  heat, 

QbserwUions  on  the  Decompositi(m  of  Cyadide  of  Mercury  iy 

Muriatic  Add. 

This  paragraph  oontdng  very  interesting  observationsi  wbidt 

are  quite  new ;  not  only  respecting  what  takes  place  during  the 

reparation  of  hydrocyanic  acid  by  the  process  of  Gay-lLanac; 

at  they  led  Vauquelin  to  a  good  method  of  obtaining  iJus  acid 

without  any  risk  and  in  greater  quantity  than  heretofore  fiom 

the  same  weight  of  cyadioe  of  mercury. 

**  On  decomposing/'  says  M.  Vauquelin,  *'  10  grammes  of 
cyanide  of  mercury  with  20  grammes  of  muriatic  acid  in  anqipa- 
tatus  proper  for  condensing  and  collecting  the  hydrocyanic  acid 
that  snomd  be  disengaged ;  and  at  a  temperature  not  soffident^ 
high  to  cause  the  mixture  to  boil^  I  aid  not  obsenre  a  sm^ 
trace  of  hydrocyanic  acid.  I  then  made  it  boil  gently  fiNriOBie 
time ;  but  notwithstanding  this  elevation  of  temperature,  nothing 
appeared  in  the  receiver  which  was  cooled  by  a  mixture  of  mow 
and  sak.  I  presumed,  as  M.  Gay-Lussac  had  announced,  that 
this  acid  had  been  conaensed  in  the  part  of  the  apparatus  in 
which  the  marble  was.  I,  therefore,  heated  that  part;  butwitk* 
out  success.  Aft6r  some  hours  of  labour,  I  obtamed  only  scmie 
drops  of  a  white  liquid,  having  a  very  strong  smelly  which  I  was 
•earcely  able  to  collect. 

**  If  (judging  from  the  composition  of  "cyadide  of  mercury)  all 
the  hyarocyanic  acid  had  been  disengaged  in  our  process,  it 
would  have  amounted  to  two  grammes  and  a  half. 

^^  The  matter  remaining  in  the  retort  ought  to  have  been 
either  calomel  or  corrosive  sublimate,  if  things  had  passed  as 
had  been  stated.  But  the  crystals  of  the  salt,  which  formed  on 
the  cooling  of  the  liquid,  appearing  to  me  different  from  those  of 
corrosive  sublimate,  I  subjected  them  to  the  following  trials : 

'  'M.  The  salt  dissolved  in  water  much  more  rapidfy  than  den- 
tochlohde  of  percury,  and  produced  a  considerable  degree  of 
cold. 

f  2.  Its  solution  gives  with  potash  a  white  preciptate, 
whereas  it  would  have  given  a  yellow  precipitate  if  it  haa  been 
pure  corrosive  sublimate. 

'^  3.  A  certs^n  quantity  of  the  salt  being  triturated  with  a  solu- 
tion of  caustic  potash,  li^ame  white  on  me  spot,  and  exhaled  a 
Strong  okiour  of  ammonia. 

i^  t^^^se  properties  show  that  the  salt  is  npt  corrosive  subli- 
li^te,  but  a  combination  of  muriate  of  ammonia  and  muriate  of 

Sercu^,  formerly  distinguished  by  the  name  of  sal  akmbrdh, 
iey  show  at  the  same  time  that,  in  the  process  above  described, 
the  cyanogen  was  in  part  decomposed,  and  that  its  azote  united 
jto  the  hydrogen  of  tne  muriatic  acid;  or  of  tib^  welter,  to  form 
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ammonia^  and  conse^uentlv  an  ammoniacal  mereurio-mumte* 
On  the  first  supposition^  charcoal  must  have  been  deposited ; 
and  on  the  second,  carbonic  acid  must  have  been  fonaed.  But 
neither  the  one  nor  the  other  of  these  took  place,  though  the 
liquid  assumed  a  Ught-brown  colour. 

^^  M.  Gay-Lussac  has  not  spoken  of  this  phenomenon;  pro* 
bably  because  having  employed  less  acid  it  did  not  take  place  in 
his  experiments.  However  m  another  experiment,  in  which  \ 
/employed  only  30  grammes  of  muriatic  acid,  I  obtained  only 
about  two  grammes  of  hydrocyanic  acid,  possessed  of  all  the 
properties  described  by  Gay-Lussac.  The  residue  of  the  opera.* 
lion  contained  likewise  ammoniaco-mercurial  muriate,  though  I 
liad  conducted  the  process  with  much  caution. 

'^  It  is  singular  that  having  some  time  afterwards  repeated  this 
process  twice,  I  did  not  obtain  the  triple  mercurial  salt.  I  do 
not  know  to  what  I  ought  to  ascribe  this  difierence.  It  is  pos- 
isible  that  in  the  first  processes,  in  which  the  apparatus  was 
arranged  the  evening  before,  the  cyadide  of  mercury  having 
remained  long  in  contact  with  the  muriatic  acid  before  being 
jBubjected  to  the  action  of  heat,  the  hydrocyanic  acid  underwent 
a  decomposition. 

"The  observations  which  J  have  just  stated  respecting  what 
passes  sometimes  between  muriatic  acid  and  cyadide  of  mercury, 
would  be  of  little  importance  unless  they  were  to  lead  to  a  better 
method  of  obtaining  that  acid. 

*^  Considering  that  mercury  has  a  strong  attraction  for  sulphur, 
and  that  cyanogen  unites  easily  to  hydrogen  when  presented  in 
tbe  proper  state,  I  thought  that  sulphuretted  hydrogen  might  be 
employed  for  decomposing  dry  cyadide  of  mercury.  I  operated 
in  the  following  manner:  I  made  a  current  of  sulphuretted 
hydrogen  gas  disengaged  slowly  from  a  mixture  of  sulphuret  of 
iron,  and  very  dilute  sulphuric  acid  pass  slowly  througn  a  glass 
tube  slightly  heated,  filled  with  cyadide  of  mercury,  and  commu- 
nicating with  a  receiver  cooled  by  a  mixture  of  salt  and  snow. 

'^  As  soon  as  the  sulphuretted  hydrogen  came  in  contact  with 
the  mercurial  salt,  this  last  substance  blackened,  and  this  effect 
gradually  extended  to  the  foithest  extremity  of  the  apparatus, 
Ihiring  this  time  no  trace  of  sulphuretted  hydrogen  could  be  per- 
ceived at  the  mouth  of  a  tube  proceeding  from  the  receiver.  As 
soon  as  the  odour  of  this  gas  began  to  be  perceived,  the  process 
was  stopped ;  and  the  tube  was  iieated  in  order  to  drive  over  the 
acid  which  might  still  remain  in  it.  The  apparatus  being  unluted, 
I  found  in  the  receiver  a  colourless  fluid,  which  possessed  all  the 
known  properties  of  dry  prussic  acid.  It  amounted  to  neariy  the 
fifth  part  of  the  cyadide  of  mercury  employed. 

"  This  process  is  easier  and  i        hes  more  acid  than  the  one 

bv  means  of  muriatic  acid,    ^         ated  itjeiferal  times,  and 

always  successfully.    It  19  190  cegsvv  1  e  care  to  stop 

<  the  process  before  the  odour  of  phn  ogdu  begins 
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to  be.perceiTedy  otherwise  the  hydrocyanic  acid  will  be  mixed 
with  it.  However,  we  may  avoia  this  inconyenience  by  placing 
a  little  carbonate  of  lead  at  the  extremity  of  the  tube.  As  diy 
hydrocyanic  acid  is  only  required  for  chenHcal  researches,  ana 
as  it  cannot  be  employed  in  medicine,  in  which  that  acid  in  a 
dilute  state  begins  to  be  used,  I  think  it  may  be  worth  while  to 
bring  to  the  recollection  of  apothecaries  a  i>roceas  of  M.  Proust, 
Whidi,  perhaps,  has  escaped  their  attention.  .  It  consists  in 
passing  a  current  of  sulphuretted  hydrogen  gas  through  a  cold 
saturated  solution  of  prussiate  of  mercury  in  water,*  till  theliqaid 
contains  an  excess  of  it ;  to  put  the  mixture  into  a  bottle  in 
order  to  adtate  it  from  time  to  time,  and  finally  to  filter  it. 

*^  If  the  nydrocyanic  acid,  as  almost  always  happens,  contains 
traces  of  sulphuretted  hydrogen,  agitate  it  with  a  little  carb(»iate 
of  lead  and  niter  it  again. 

^*  By  this  process  we  may  obtain  hydrocyanic  acid  in  a  much 
greater  degree  of  concentration  than  is  necessary  for  medicme. 
It  has  the  advantajge  over  the  dry  acid  of  being  capable  of  l>ebg 
preserved  a  long  time,  alway»  taking  care  to  keep  it  as  much  as 
possible  from  the  contact  of  air  and  neat." 

Conclusions, 

From  the  important  set  of  experiments  of  which  we  have  just 
given  an  account,  M.  Vauquelin  draws  the  following  conclusions : 

/M.  Cyanogen  dissolved  in  water  is  converted  mto  carbonic 
acid,  hydrocyanic  acid,  ammonia,  and  a  peculiar  acid,  which 
may  be  called  cyanic  acid,  and  into  a  charry  matter.  This  hap- 
pens in  consequence  of  the  decomposition  of  water.  These  new 
compounds  arrange  themselves  in  the  following  order:  The 
ammonia  saturates  the  acids,  producing  soluble  ammonical  salts; 
while  the  insoluble  charry  matter  is  deposited. 

**  2.  The  alteration  produced  by  the  alkalies,  strictly  so 
called,  in  the  constitution  of  cyanogen  is  exactly  of  the  same 
nature  as  the  preceding ;  that  is  to  say,  there  are  formed  hydro- 
cyanic  acid,  carbonic  acid,  probably  cyanic  acid,  charry  matter, 
and  ammonia,  which  is  disengaged  in  consequence  of  the 
presence  of  the  other  alkaUes.  Tnis  is  the  reason  why  the  solu- 
tion of  cyanogen  in  an  alkali  gives  at  once  (as  Gay-Lussac  has 
observea)  prussian  blue  with  the  acid  solutions  of  iron. 

*^  3.  The  common  metallic  oxides  produce  the  same  effects  on 
cyanogen  dissolved  in  water  as  the  alkalies,  but  with  different 
degrees  of  rapidity,  according  to  the  affinity  which  each  of  them 
has  for  the  acids  developed.  But  in  this  case  triple  salts  are 
formed,  as  we  have  shown  when  treating  of  oxide  of  iron  and 
oxide  of  copper ;  so  that  cyanogen,  similar  in  tliis  respect  to 

*  Experience  has  shown  that  a  solution  in  the  proportion  of  a  gros  (59*06  gn» 
troy)  of  cyadide  of  mercary  to  an  ounce  of  water  gives  a  hydrocyanic  acid  saiS« 
cienily  strong  to  be  employed  in  medicine.  This  is  the  strength  of  the  acid 
employed  by  MM.  Hall^,  Magrndie,  &c. 

6 


1819.3  Cyanogen  and  Hydrocyanic  Acid*  418* 

'^  chlorine,  cannot  combine  directly  with  metallic  oxides;   and 
there  are  formed  a  hydrogenated  acid  and  oxygenized  acidy 
^   becaiise  cyanogen  is  a  compornid,  while  chlorine  is  simple. 
J        '*  4.  Cyanogen  is  capable  of  dissolving  iron  without  forming 
..   Prussian  blue.    This  is  proved  by  the  fine  purple  colour  pro- 
j   duced  in  the  solution  by  the  infusion  of  nutgails.     But  as  we' 
.   find  Prussian  blue  in  the  portion  of  iron  not  dissolved,  it  is  not 
^   quite  certain  that  the  iron  is  dissolved  by  the  cyanogen :  it  it 
T    more  probable  that  it  is  by  the  cyanic  acid.   On  this  supposition 
the  water  must  have  been  decomposed :  hydrocyanic  acid  must' 
have  been  formed  which  would  unite  with  the  iron,  and  cyanic 
acid  which  Hkewise  dissolving  iron  holds  it  in  solution.    Perhapi 
ammonia  and  carbonic  acid  are  hkewise  formed. 

"  6.  Hydrocyanic  acid  forms  prussian  blue  directly  both  with 
iron  and  its  oxide  without  the  presence  either  of  acid  or  alkali ; 
therefore,  prussian  blue  is  a  hydrocyanate  of  iron, 

"  6.  Whenever  cyadide  of  potash  is  in  contact  with  waterj 
ammonia  is  formed,  which  combines  with  carbonic  acid  formed 
at  the  same  time.  Hence  it  happens,  that  a  great  quantity  of 
cyadide  of  potash  ^ves  only  a  small  quantity  of  hydroc)ranate ; 
a  great  part  of  it  bemg  changed  into  ammonia  and  carbonic  acid. 
"  7.  It  appears  to  result  fiom  the  preceding  experiments,  that 
the  metals  which,  hke  iron,  are  capable  of  decomposing  water  at 
the  ordinary  temperature,  form  only  hydrocyanates ;  while  those 
incapable  of  decomposing  that  hquid  form  only  cyadides.  Among 
these  last  are  silver  and  mercury  ;  though  mercury  may  possibly 
be  an  exception. 

'*  8.  Finally,  all  my  experiments  confirm  the  beautiful  results 
obtained  by  Gay-Lussac  on  the  composition  of  cyanogen  and 
hydrocyanic  acid  ;  extending  the  consequences  of  them." 


Article  IV. 

On  Parhelia,  8^c.    By  William  Bumey,  LL.D. 

(To  Dr.  Thomson.) 

SIR,  Gosport  Observatory f  iVov.26,  1818. 

I  AGAIN  take  the  Uberty  of  sending  you  some  further  remarks 
on  Parfielia,  to  show  that,  with  a  vaporous  atmosphere,  they 
may  be  seen  in  the  open  day  within  a  certain  altitude,  as  well  as 
early  in  the  morning.  I  have  been  lately  gratified  with  a  sight 
of  the  Aurora  Borealis,  two  Paraselenae,  and  several  meteors. 
Descriptions  of  these  rare  T*l»<»nnmena  I  herewith  inclose  for  the 
'  Annals  of  Philosophy,  sha  be  deemed  deserving  of  a 

place ;  and  am,  Sir,  your  ^  m 
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Parhelia  and  Paraselena,  with  Solar  and  Lunar  Halos,  and 
their  Effects:  the  Aurora  Borealis ;  and  coloured  Meteors; 
seen  at  Gosport. 

Oct,  17. — At  half-past  seven,  a.m.  a  solar  halo^  44^  in  diame- 
ter^  appeared,  and  at  its  eastern  edge  there  was  a  coloured 
Parhehon  of  the  same  altitude  as  the  sun ;  a  thin  Cirrostratus 
was  in  the  vicinity  of,  and  a  close  corona  round  the  sun  at  the 
time.  The  barometer^  which  had  been  jisin^,  be^an  to  sink  in 
t9fO  hours  after  the  appearance  of  the  Parhehon,  till  a  shower  of 
Tf|in  descended  the  next  day,  by  the  inosculation  of  Cirrostratta 
and  Cumuli,  thus  indicating  a  change  in  the  weight  of  the  atmo- 
spheric column. 

28.  Parhelia, — From  a  quarter  till  half-past  eight,  a.  m.  twro 
Parhelia  appeared,  each  being  22°  30'  distant  from,  and  of  the 
same  altitude  as,  the  sun :  the  first  Parhelion  in  the  S.S.E.  \  S. 
was  remarkably  bright,  with  the  usual  prismatic  coloun 
(^lcreasing  and  decreasing  at  intervals),  and  apparently  as  large 
as  the  moon  in  a  horizontal  view,  and  somewhat  Uke  her  M 
illuminated  disc  when  rising  of  a  golden  colour  over  a  bank  of 
haze  near  the  horizon.  The  second  in  the  E.S.E.  ^  E.  progress- 
ively increased  in  size  and  colours  till  the  first  disappeared,  but 
was  not  so  lar^e  nor  so  bright,  nor  did  it  continue  so  long  in 
siffht :  it  was  ot  the  apparent  size  of  the  disc  of  the  real  sua 
when  about  18°  in  altitude.  The  vivid  red,  yellow,  pale  blue, 
and  silvery  colours  of  the  first,  were  no  doubt  increased  from  the 
sun  being  hidden,  and  fiom  his  direct  rays  being  confined  by  a 
Cirrostratus,  except  at  the  very  point  of  formation  of  the  mock- 
Bun,  which  just  cleared  the  edge  of  that  cloud,  in  an  apparently 
clear  but  vapourous  space.  No  solar  halo  was  perceptible  at 
the  time  ;  but  a  circular,  whitish  light,  or  corona,  about  84^°  in 
diameter,  appeaxed  round  the  sun,  in  consequence  of  the 
yapourous  state  of  the  lower  atmosphere. 

Height  of  the  barometer,  30*05  mches  ;  of  the  thermometer, 
53® ;  hygrometer  of  De  Luc,  88° ;  and  the  wind  at  S.W.  At 
nine  o'clock  an  arched  band  of  plumose  Cirrus  passed  over  to 
the  eastward,  followed  immediately  by  an  overcast  sky,  and 
some  Ught  rain  fell  in  the  afternoon.  On  the  following  day  and 
night,  the  sky  was  completely  shrouded  with  Cumulostratus. 

31 . — A  stormy  day^  except  two  hours'  sunshine  in  the  afternoon. 

Aurora  Borealis, — From  11  till  midnight  there  was  a  fine 
display  of  the  Aurora  Borealis  between  the  N.N.W,  and  N.E. 

Soints.  Some  of  the  beams  were  very  brilliant,  and  of  cylin- 
rical  and  conical  shapes  ;  they  ascended  about  38^  above  the 
nordiern  horizon,  and  varied  in  colour,  according  to  the  density 
of  the  medium  through  which  they  passed.  The  horizontal  light 
was  most  extensive,  tending  to  the  magnetic  east  and  west  at 
86  minutes  past  11.  During  the  appearance  of  these  conusca* 
tions,  several  small  meteors  fell  almost  parallel  to  the  largest 
pillars  of  light— -a  c\xc\im!&\;9jxc.^  TCk^x.ODk\SL  4k:7Q\u:  of  Mr,  Daltoii^s 
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theory  of  the  phenomena.  The  air  was  serene  at  the  time,  and 
there  were  some  dark  longitudinal  Cirrostrati  interspersed  in 
different  parts  of  the  sky. 

Nov,  3. — At  eight,  a.m.  a  faint  Parhelion  appeared  for  a  few 
miiiutes  in  the  S.b.E.  point  on  a  Ctrn/s  that  was  passing  to  a 
Cirrostratus  cloud  ;  it  was  22°  SO'  distant  from,  and  of  the  same 
height  as,  the  sun  ;  and  a  small  part  of  a  halo  passed  through  it 

Eerpendicularly.  Some  Cirrus  clouds,  just  above  the  sun,  were 
eautifully  tinged  with  most  of  the  prismatic  colours  at  the  time. 
Much  CtrrocumuJus  passed  over  trom  the  southward  in  the 
course  of  the  day  ;  and  bright  and  dark  hemispherical  and  pyra- 
midal Cumuli  appeared  in  different  quarters.  A  copious  dew  at 
night,  and  a  sinking  barometer. 

4,  5,  and  6. — Ramy  days  and  nights,  with  variable  winds. 

13.  Parhelia, — At  a  quarter  past  nine,  a.m.  a  ParheUon 
appeared  in  the  S.E.  by  E.  \  E.  point,  22°  35'  distant  from  the 
centre  of  the  sun's  disc,  whose  altitude  was  12**  25' 3''.  At  11 
o'clock  a  Parhelion  appeared  in  the  S.  by  W.  point,  at  the  sanle 
distance  as  the  first  Irom  the  sun,  which  was  at  that  time 
20®  2'  3''  high.  Part  of  a  solar  halo  passed  through  the  first ; 
but  no  part  of  one  could  be  traced  at  or  near  the  second  ;  the 
vesicular  vapour  upon  which  it  was  formed  being  scarcely  per- 
ceptible. These  Parhelia  were  of  the  same  altitude  as  the  real 
sun,  and  of  the  apparent  size  of  his  disc  ;  but  they  enlarged  as 
their  colours  (red,  yellow,  sea-green,  and  pale  blue)  approximated 
to  perfection.  At  half-past  three,  p.m.  another  Parhelioa 
appeared  in  the  S.W.  by  rf,  point,  23^  distant  from,  and  perpen- 
dicular to,  the  sun,  which  was  8^  above  the  horizon :  this  one 
wa[s  situated  on  the  top  of  part  of  a  solar  halo  upon  an  attenuated 
Cirrostratus  cloud ;  but  its  colours  were  not  so  well  defined  as 
those  which  formed  the  Parhelia  above-mentioned.  There  was 
a  faint  corona  close  round  the  sun  during  their  appearance  ;  and 
'  as  a  proof  of  the  vapourous  state  of  the  atmospnere,  the  index 
of  the  hygrometer  of  De  Luc  kept  within  the  range  of  from  80' 
to  88^  all  day.  A  sunny  day,  with  plumose  Cirriy  Cirrocumuli, 
.  and  Cirrostrati, 

Meteor, — At  a  quarter  past  seven  in  the  evening,  a  low  meteor 
moved  slowly  firom  the  E.  by  N.  to  the  N.E.  by  E.  point,  or 
through  a  space  of  about  22°,  in  a  direction  parallel  to  the 
horizon :  its  densest  part  was  Hke  the  bluish  colour  which  sur- 
rounds the  wick  of  a  lighted  candle,  and  it  left  some  large 
electric  sparks  behind.     Light  rain  and  wind  in  the  night. 

14. — A  stormy  day ;  a  strong  gale,  with  heavy  rairi  from  tha 
westward  at  night. 

16. — A  continuation  of  the  gale  till  noon,  with  sunshine, 
Cirrocumuli  and  Cirrostrati,  Between  six  and  4seven,  the  moon 
rose  utider  a  semi-hal  *  when  she  had  ascended  23°,  an 

entire  coloured  halo  i  c*''  id  continued  perfect  till 

after  midnight,  having  ■*'•  lofty,  circular,  dark- 

ish canopy,  suspended  ni&a^^xSXs^  ^^s^rnsfa;^ 
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'circumference  light  red,  pale  yellow,  and  green.  .  Similar  coloon 
were  perceived  in  a  small  corona,  3^^  in  diameter,  immediately 
aromid  the  moou. 

Paraseleruz, — At  the    sides  of  this  halo,    two    Parasekm 

appeared  alternately  between  seven  and  eight  o'clock;  they 

were  of  the  same  aititude  as  the  moon,  ana  distant  from  the 

.  centre  of  her  disc  22^  3(/,  thus  making  the  halo  45^  in  diameter: 

sometimes  they  were  faint  and  iiTegularly  shaped;    at  other 

.  times  more  compact  and  circular,  disp&ying'the  p-STmaticcobm 

as  in  the  halo,  in  order  next  to  the  moon.    The  first  Paraselens 

appeared  a  few  minutes  after  seven,  at  ^e  edge  of  the  halo  to 

.  tne  ri^ht  of  the  moon,  in  the  eastern  point,  just  under  Aldebaran, 

and  did  not  disappear  entirely  till  near  eight.   The  second  made 

its  appearance  at  half-past  seven,  on  the  left  edge  of  the  halo, 

-diametrically  opposite  to  the  first,  and  was  most  splendid  at 

ei^ht,  when  the  moon's  altitude  was  224-^.     When  attenuated 

Ctrrostrati  passed  over  her  disc,  the  Paraseleme  lost  the  beauty 

of  their  prismatic  colours,  and  resembled  a  small  portion  of  the 

galaxy  seen  through  a  clear  atmosphere,  but  resumed  them 

when  these  low  vapourous  clouds  had  cleared  thie  halo.    In 

r  addition  to  these  mock-moons,  two  well-defined  curved  rays  of 

light  projected  from  the  top  of  the  halo  at  a  quarter  before  eight, 

,  and  drew  in  repeatedly  and  gradually  like  the  horns  of  a  snail: 

.  at  that  time  the  top  part  of  the  halo  became  very  Idmibous, 

tending  to  produce  another  Paraselenes,  by  the  intersection  of 

these  refracted  and  projecting  rays. 

A  representation  of  those  curved  luminous  projections  from 
the  upper  part  of  a  circle  may  be  made  with  part  of  a  glass  of 
water  and  a  Ughted  candle,  placed  on  a  table-cloth,  by  ^ving 
the  incident  ray  of  light  from  the  candle  to  the  furthest  edge  of 
the  water,  an  angle  of  from  40®  to  45°;^  and  they  may  be  drawn 
in  gradually  by  enlarging  the  angle  of  incidence,  or  oy  moving 
the  candle  slowly  towards  the  glass,  which  should  be  a  senu- 
-  circular  rummer.  Two-fifths  of  an  inch  of  rain  fell  in  the  early 
part  of  the  morning. 

17. — At  a  quarter  before  nine,  p.  m.  a  meteor  of  the  same 
size  as  that  described  on  the  13th  moved  in  a  northerly  direction. 

19. — Several  small  meteors  shot  in  difierent  directions  in  the 
evening,  and  small  corona  surrounded  the  planets  Venus,  Jupiter, 
and  Saturn,  and  the  star  Capella,  in  consequence  of  lofhr  haze. 

25. — At  nine,  a.  m.  the  trees  dripped  witn  dew,  whicn,  in  the 
course  of  the  night,  amounted  to  l^Vir^  ^^  ^^  inch.  The  sun 
rose  and  set  with  a  well-defined  coloured  halo,  44?  in  diameter; 
and  in  the  course  of  the  day  several  faint  Parhelia  appeared  at 
its  extreme  edge.  Cirri  also  appeared,  and  the  intermediate 
modifications  of  clouds  down  to  mrnbi,  wdth  rain  in  the  night, 
followed  by  a  rainy  day. 

The  amount  of  rain  here  sinee  Aug.  31,  is  lO^-  inches  ;  and 
the  quantity  evaporated  from  an  evaporator  exposed  to  the  sua 
•nd  wind  is  T^tkin^he^. 
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ANNUAL  RESULTS.      \ 
Barometer. 

% 

Greatest  atmospheric  pressure,  Dec.  29.    Wind  N.E. .  •  30*600 

Least  ditto,  March  4.    Wind  S.W 28-500 

Extreme  range  of  the  mercury 2*100 

Annual  mean  atmospheric  pressure  on  the  barometer  •  •  29*881 

Ditto  at  8a.  m 29*878 

Ditto  at  2  p.m 29*878 

Ditto  at  8  p.m 29-880 

Greatest  range  of  the  mercury,  in -March 1*860 

Least  range  of  ditto,  in  July  and  August 0*460 

Chreatest  variation  in  24  hours,  in  March 1*000 

Least  ditto,  in  August 0*260 

Spaces  described  by  the  rising  and  falling  of  the  mercury  73*600 
Mumber  of  changes,  caused  by  the  variations  in  the 

weight  of  the  atmospheric  column •  •  •  •  •  271 

Thermometer. 

Greatest  thermometrical  heat,  Aug.  6.    Wind  S 91-00 

Greatest  cold,  Feb.  9.    WindN 23*00 

Extreme  range  of  the  thermometer 68*00 

Annual  mean  temperature  of  the  atmosphere 62*79 

DittoutSa.m 61*86 

Ditto  at  2  p.  m 69*30 

Ditto  at  8  p.  m. 61*42 

Greatest  range,  in  August « .  47*00 

Least  range,  in  November • 22*00 

Annual  mean  range  . •" 32*83 

Greatest  variation  in  24  hours,  in  May  and  August  •••••.  32*00 
Least  ditto,  in  November 16*00 

De  Luc*s  Whalebone  Hygrometer. 

Greatest  humidily  of  the  atmosphere,  Sept.  6.  Wind  S.W.  100*0 

Greatest  dryness  of  ditto,  June  8.    Wind  E.  •  •  •  • 39*0 

Aimv&l  tange  of  the  index  ...•••• • • 71*0 

Annual  mean  state  of  the  hygrometer  at  9  a.  m 69*3 

Dittoat9p.m 60*7 

Dittoat2p.m 61*6 

Ditto  at  9,  2,  and  9  o'clock 66*8 

Greatest  mean  humidily  of  the  atmo                 Worember.  77-8 
Greatest  mean  dryness  of  ditto,  in  A 
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ASeaUoftheWindi. 

..?.\■^^■^  Dq.. 

FromN.W.toN !% 

FVom  N.  to  N.E 'uaU  ■■a.^f.  Omto!^  Jav*OT 

EromK.E.  toE.. v^CiA  .>'J.,v]>J(i£VpJ^4^ 

SVoidE.  to  S.E i.vk-'.vi.'iiuJii\l.'£ilj;>{Jiij;eyp.lfi8d| 

from  s.w.  to  w,  ......  ...p......  ...•.^t. .... ./,.  t>M% 

ftoB  w,  to  n;w.  .i  :..\  ;•:;;';  :^:?;';;^5;?1j;i  ;f!^j:|j^ 

Clouds,  agreeably  to  the  Nomenclature.      , ,    „  d"' 
Bhyt  on  wbkh  iknc olgndi  have  mgfituti,  BalaM^^^th^,^tq)^yi^^^ 
>   .  ■        .  ,  ••  weU«fcy™j.  ';^  '     '    1.      1        I     ftft 

iCfrtwwiiw/w  . .'. .-. . . :. . ■/.' ji-.';';  :^;  JVVV-}'i'''i,S m 

Cirroitrdtus ■...;.'.'., ;'.";'. ■.V.■■.^^•.'V?  ^tL^'M 

Stratus ;;.';':^;'; /;'.T:'^i'l';'.'^I<i f% 

Cttffwfortrahw .;'..n".'4r.'.'i."J.".*."'^  ?.^i* 

Mrnftw.. /..'.. ;.'v';;':';'..^'r'.?..;™ 

Fi  i-.!i  ,   ..  fiii''itl/:i  <:  i.Jni  OftUqms 

State  tf  the  WetaherM"'  »i«'tt>  am*)  dJ^ 

^  tmnsparait  azure  atmoepbeie  wjt^iMiWQitj^Qiad.iMv.baao^ 
Sim,  mooa,  and  doiuis,  rni^Qut  nis .^  ^^^..i&iti,^:.  -^iUitMipaV 

An  overcast  sky  without  rain  . , .88b 

fo^ ,..,.,.  J  1.1  .sriuUru  .-i^tfj jitoa& 

lUti^faailfSnowrtuulilset. ......... >.i,.j«>*'i»t^>V^Hjtt.'ia<jol81u 

^utfftfiF^^  <ir  mock-suDB,  nearly  opposite  to  tUe  aun . . ...  -trls^ 
'Parhelia,  ormock-auns,  of  various  prismatic  colours  jft»_.,.^iw 

Paraselene,  or  mock-moons,  of  ditto. •' -93,^9 •  ma 

Solar  halos,  of  ditto , iwrril^ 

Ltwarhalos,  of  ditto ^Mnf'-sCT 

Sol^  rainbows  (perfect)  of  ditto , a  jii*t)i  Jro 

$n;i,aU  raeteora,  commonly,  but  improperly,  called  ^^(^ntuaB  »^\ 

Liglitning,  days  on  which  it  occurred j^  j^^.,  ^ 

tfi^nder,  ditto , ■  •  ■  ■  .cf^ri-iai^ 

-.■-      v..  ^.v  ,::  ,.,v,j.  -,  ■■•.j3ftrt)OTartbft'."'f'    -vir^viJir^^dJ  io  9^n«i 

■ '  ■  ;&v-  an  •:    -,-.    .-.It  n.-iq  j.Feng  eb  bni)  ,rti>ni  rtB  10  3fl^jf|]ffl 

■Oreateit  qiuntity,  ia  June .....  JwylwPiJrfgj'aij  Htp.  vi  t^^Sw 

felAutt  Mutity,  infaHaani].  .^ij^i'^nvutl .  wtw-i^  .T^9.  MmO 
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.:S-,.'i'    -A.         ■.-.■    -•     ^. 

.•'»^«  Rai«,  Sfc. 

■?,0 V^    r.     ■//    /      iBcbi*. 

^ftateat  quantiJy,  in  April 'X/l...t\    4-63 

_£#aat  quantity,  m  August : '.  '.0^ 

.jBttaljluuitity:  that  fdl  in  the  year : 1  27-d4 

'"(-.■Peaid'e'tlie  ab6ye-hamedphenomehd,  there  appetrad  antnirer^ 
nh^  bt>w,'c»f  delicate  prumatic  colours  to  the  eaatwardj -at  6  a^. 
<^  Mhy  9 ;  Oiie  perfect  lunar  rainbow  to  the  weetirard  ab4^  jn^- 
niiA'paat  T,  p.  m.  on  Sept  16  ;  and  Aurora  Borealis  between 
Ami'N.N.W.  and  N.E.  points,  from  11  o'clock  till  midnight  of 

N.B.  The  barometer  is  hung  up  in  the  observatory,  about  30 
HKt  1cbti4^1i%h-wttt^r  mart;  aniTtbe  self-re^Bfertng'horii!o&1lU 

f' and  night  diermometer,  and  De  Luc's  whalebone  ^yj^Vfffy 
are  placed  in  an  open  case  near  a  wall,  in  a  northern  ai^jt^^ 
gutof  the  sun's  rays,  and  10  feet  above  the  level  ofthe~g^4^. 
Jj^ie  pluviaineter  ia  manufoctured  of  mixed  metal,  its  rijcipief^ 
jpAft  IS  byhndricai,  and  the  area  of  its  funnel  six  inches  equaie-: 
^Bas  a  small  pipe  spout,  with  a  cap  at  the  end  to  pcevent  ^t^apo-  • 
^^oh.     Every  morning  at  8,  a.m.  after  rain  has  falleu^i, i^, is 
emp6ed  into  a  cylindrical  glass  gauge,  accurately  graduated  to 
■^-J^jlh  part  of  en  inch. 

.a-fillie  evaporator  is  a  lead  vessel,  exactly  of  the  same  area, 
j^^«d  witfaiU'coOt^tsto  the  sun  and  winds  in  Atj-'ma^^ 
Snbi  qaaatity«vu>orated  is  tueertained  by  meaBunog  Vr^t^  tfairil 
daft.   .......  ■■  .-  '■'.rrn^-i'i  at: 

■^Both.  these  inBtruments  are  placed  clear  of  ail  obstructioal;<el 
tli&  top  of  the  obserratory,  22  feet  above  the  kvfd  of^et|Ja»d(lil 

cbf)  Barometer, 

Hie  mean  atmosptieric  '|)ressure  on  the  barometer  is  not  so 
|p<Att  thia  year  as  last  by  -^^i  of  an  inch  ;  nor  Is  tlie  mti^imun 
fimghtw  great  by  ^th  of  an  inch.  This  seems  coiitraty^^ 
Wtat'mighir'In'Ve  been  expected,  considering  the  high  tempei^ 
nue'since  tire  Diiddle  of  May,  and  that  additional  solar  inH,iieiice 
ir  known  to  raise  the  barometrical  column  in  a  small  degree, 
tte-onlyrational  way  in  which  this  can  be  accounted  for  is  fWiii 
tWe  lowness  of  the  barometer  during  the  first  five  months,  whea 
Ijw  ffiiSrit*  Of  the  atuioaphere'  was  much  tliaturbed  by  treq^uent 
eves 'tiiat 'blew  mostly  between  the  south  and  west  ^pointe^soas^ 
Sr  cause  thc-averaie  heiglit  of  the  me"rci'ri'^''Boiiitnb'fe'"i^6'^. 
^an-incb  below  the  annual  mean,  as  shown  m  the  tabliK  'Tne 
Tfinge  of  the  mercury,  howpy-^f^.^-jgraater  than  it  was  last  year 
Iw^^^ithe  of  an  inch,  and  as  gre^,"  perhaps,  as  it  has  ever  been 

^m^ed  in  this  neigbbQU^UWd- 9.';i'l  n<  .i^Jiififit-p  ii^e'y.i} 

fjjWith  o^er,powwoo.hw90V*eis.-tlw*('M4«is^iMn«*  *aMft 

TOW  *A^?*w>«(«(w.8iid.»MBiBp«ltwqmt*Mfc^ 
2f2 
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jam  Vtf^  <^.  ^  inch  greater:  this,  added  to  whfit  lLi^,J>^ 
.JCM^Qre  ;DaeDtioiied.  makes  the  umual  range  2t  iDcbes.,"^':;,..  ! 

Horizontal  Day  and 'SigTa  ThtrmametWi  '-  ''^  ' 
.  The  'mean  temperatare  of  the  extremes  of  heat  and  ctMij-V 
.(flcertained  by  this  thermometer,  which  seems  preferahle  bt 
rgeDaral  obBervationB  to  that  oq  Six's  cgnstructioi^,  is  £2-79^ 
■  Uiftt  is,  2^°  higher  than  in  the  preceding  yea/.  But  some  doubb 
,  ve  entertaiaed  as  to  the  accuracy  of  this  way  of  obtaiaiug  thetrue 
jBiean  temperature,  although  it  hashilherto been  generally  adopti^ 
by  those  who  have  published  their  meteorological  diaries  from 
time  to  time  for  the  benefit  of  the  science.  To  obtain  the  W 
mean  temperature  of  any  place  in  Britain,  four  obaerratifuii  ii 
.  l«ut  should  be  taken  every  24  houra  ;  n^ely,  a,t:eig)it,i^.^. 
.«igbt,  p.  m.  and  the  maximum  and  mnmvm :  the  nijeen  of  %(« 
lobaervstions  would  approximate  nearer  to  the  truth  tfi'ai^  themeiii 
ipf  the  extremes  only. 

Taking  four  observations  each  day,  however  irksome  itiqtf 
be  considered,  in  order  to  bring  out  the^apuMsl  result,  is  abw- 
}utely  necessary,  on  account  of  the  sudden  transitions  which  are 
ip  frequently  experienced  by  the  thermometer  aa  weH asbyooi 
own  ftelings  (  and  because  the  average  of  the  greatest  AamJKr 
'of  thermometrical  observations  in  such  a  variable'  cUthate  iffiat 
pecessarily  come  nearest  to  the  truth,  Accordiii^  to .llkis' ittWe 
^r calculating,  the  annual  mean  temperatnre  is  ^thB^'aTa  Jtej^^ 
less  than  that  shown  in  the  table,  as  the  meaa'of  the  iwuty 
extremes  of  heat  and  cold. 

;  "Hiose  who  have  not  got  self-registering  thennotneters/.Uor 
lime  to  regUter  more  than  once  a  dav,  and  yet  wi^  to  know 
"Uie  mean  temperature  of  their  own  places  of  abode,  there  & 
reason  to  believe  that  if  they  were  to  take  a  daily  observiaiiQp-ikt 
half-past  eight,  a.  m.  it  would  obtain  the  annual  iqean:  tempbn- 
ture  nearly  as  correct  as  the  mean  of  the  daily  exti^nes  otdr, 
particularly  if  tbe  situation  be  contiguous  to  uie  aea,  andw 
thermometer  property  shaded  from  the  sun's  rays,  aiid  m  tf  direct 
northern  aspect.  '      :     '•■■  ' 

ComperiioH  of  the  respective  mean  Tenmerahim  tjf  Gaatorl  ami 
Jbttenham  near  London,  for  the  Years  iSl7  and  1818. 
The  mean  temperature  of  Gosport  for  the  last  two  years  tat» 
together  is  51-6°  :  of  Tottenham,  from  the  meteon^ogics!  tabin 
of  Luke  Howard,  Esq.  in  the  Ataials  of  Philosophu,  49'4° ;  dif- 
ference .2if .  Wow  as  Gosport  is  rather  more  than  ^9  ,<rf  a 
degree  furUier  to  the  south  than  Tottenham,  its  mean  tenjpfgnir 
t,ure  ^puld  be  nearly  a  degree  higher,  because  the  ccteao 
temperatures  of  places  on  a  direct  panJlel  of  latitude  froiii,5£^ 
to-4o°,)^0rth  have  .been  fijuud  by  experiments  to  increfiae  pewlj  I 
%.!.th&4fUQ^ratiQ.wlhe.^gim(M,that!^^  S^m 


this  di8Qrep9|ncy  of  upwards  .of  1-^^  in  favour  of  Gosport,  aKler 
'^dw(A^  ror'ils  difference  in, latitude,  iartoo  mucK  to'bii  dfViSt- 
looked,  it  would  Appear  diat  a  sohition  must  be  sought  ftoiiiiimR 
local  circumstancefi  peculiar  to  its  situiition.    . 

§  By  comparing  our  monthly  meteo'rolo^cal  tables  in  the  Naval 
hrobicte  with  those  of  Mr.  Howard's,  it  appears  that  the^^er- 
iQ^lLi^ter  here  is  considerably  higher  in  the  nights,  alsp  in  die 
c^ld  winter  days,  than  at  Tottenham;  and  that  the  diurnal 
'   'iwtaner  heat  at  Tottenham  is  higher  than  it  is  here.    This  mi^ 
^fii^' accounted  for  principally  by  a  great  exposure  of  sea  that 
tsInibBt  sorrounds  us,  and  whicn  tends  to  equalize  the  coldiki 
'    SMiiitet;  and  to  lessen  the  heat  in  summer :  Ind  since  the  no^ 
ttrAoial  temperature  at  Tottenham  in  frosty  weather  is  from  6^  lb 
-   6^  below  ours,  the  temperature  of  Gosport,  Portsmouth,  the  IiAe 
•    SFWi[^t.  Southampton,  &c.  must  be  more  uniform,  and  cons^ft- 
^|dtien|9y^  in  "the  case  of  invalids,  more  salubrious  than  ih.the 
^cinity  of  London.    This  remark'  holds  equalty  good  in  regtiMl 
to  the  temperature  of  Plymouth,  and  other  places  situate  h^r 
'Iflie  $ea.  "   ■        ' 

' '  ■  .  lie  Jjuc^$  Whalebone  Hygrometer, 

^',,,lliia  instrument  is  eaclosed  in  a  brass  frame  11  inches  lon^r^ 
j{^|gcadu{^ted  in  a  circular  metalUc  plate  2\  inches  in  diametei^, 
^^;ip^  .s^eco  to  100  degrees,  which,  from  1000  observatijjhs, 
ftP^^  to  be  the  extreme  point  of  moisture,  or  complete  sa^* 
.ra|bc|«k,  Sut'tU^  index  seldom  advances  to  this  point,  except  ]ik 
^l^  ii^tinued  rains,  accompanied  by  a  south  or  a  south-yreat 
wind,  as  on  Sept.  5,  when  it  reached  100  degrees.  The  greatest 
dryn^Srit  has  pointed  out  is  29"^ ;  therefore,  its  annual  rai^'  is 
A^{^  !ibiialan4ptex^es  where  the  atmosphere  is  naturally  aner 
i^.it.is  here,  worn  the  influence  of  a  ^eat  body  of  sea  wa$isr, 
o^e jn^y  prpbably  amount  to  76®. 
^^^.^.i^nnusu  mean  height  of  this  instrument,  which  is  pUced 
'\^  to  the  thermometer,  is,  from  three  observations  eacn  dav, 
^-^«  '  The  mean  dryness  of  the  atmosphere,  agreeably  to  its 
ud:t^^O)is  at  nine,  a.  m.  and  nine,  p.m.  accord  with  eacn  othejjr 
withm  fths  of  a  degree,  and  also  with  the  annual  mean  maximum 
temperature  within  ^ths  of  a  degree.  This  hygrometer  points 
mit  to  the  observer  very  small  changes  in  the  huxnidity  or  dt-jr- 
ness  of  the  atmosphere ;  but  it  is  remarkable  that  in  sumther  it 
9j(tein  does  not  indicate  tiie  greatest  dryness  for  one  or  tiyo  hours 
'  jpj^r  the  maximum  heat  of  the  day. 

■  ^  Scal^  of  the  Winds.  '  : 

*Fhe  state  of  the  winds  was  drawn  up  from  three  or  more  Obser- 
^tibhs  each  day,  as  W<''  &om  frequent  obseryotiona  m  the 
iii^fhts^' according  to  t  file'  duration  of  each' respectiye 

"finnd.  *  't'     «  .''^     /' 

<  The  winds  to  the  ef  dit  'Have  blb^^  \9axt 

istyB/imd  those  to  iBd*\  'd?!  jbi^tL^SJ^'tsi^c*^ 
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from  the  west,  and  the  least  from  the  north.    .W&dM^Kiiafad 

strong  galea  from  particuleCT  points  of- the  compass,  or  rather  fiie 
dyvs.uH,  which,  ffiey.  ti*v«  hapiicmed,  are  S.l,;  uatatLy.  Xt^; 
¥#f-^;  t..ii,8,ti;.[erw.  IfiV  W.  14';  N.W.  4>.l..»  ,ti^o 
tirnc^ef,.frpiivl,^e  S.  oijd  ^.W.ui)  the  4th  and  7,th  ctf  MatfH, 
A^^Qj^  t}te,)'^ie,OB  the  plDsty.Tatory:,,ae  somewltathughM ttaii 
.Mg^ngighljj^yiOg  IjBUS^s,  yet  it  is  setaoni  attended  to,  exceptmf 
^Ky  bif ,  ploudtesB,  or  in  very,  dark,  iught'si  For  an  approxinjaiibs 
of^iC  ^evaihng  winds,  the  direction  of  the  low  ckiuAs,  or  lie 
j'aue  qr  iiag  at  the  main  top- gall  ant-mast-head  of  the  flag-ship  ip 
Po'^^FUloijth  Harhour,  is  attended  to ;  as,  from  the  eddy  vmii 
mai.doexiet  by  menna  of  local  attractions  and  counter  currentt 
,flf  air,  it  baa  been  found  impossible  to  ascertain  by  a  low  raat 
(m  true,  direction  of  the  land  breezes.  Were  this  metbod  gjn'e- 
^^  adopted  by  meteorologists,  and  those  who  attend  occasioa- 
^ijjy  to  tbe  iUtistratioQ  of  the  weather,  we  sbodld  not  see  aq  manj 
^^fu^Ag  I  coutrarietiea  in  the  names  assigned  to  the  vnB&  Id 
'^gujar.  diaries,  nor  to  those  that  aie  said  to  accompany  partiouW 
tblipd^r-storms. 

NomencIatiirtofChudr.'  ■    '■■"•  !""-'  .!''■■' 

'  Tiie  total  numbers,  under  this  bead  in  t^e  t9it)^^rf({U|;^Hffiyip 
number  of  davs  on  which  the  reqiective  modific&tioDB  of  dmiw 
have  appearea  here.  The  Cirrut  and  Cumu/i^clQads  areoBti^ 
etjUM  lu  niiiaber  in  regard  to  the  da]^  'aa'-wmi^'i&einUTfl 
,l(|jp^arecl ;  ibe  Cirrocumalus  and  Cufflu^ojf t-af u j  at^' SMw:t^  fl£i 
'btit  as  they  have  often  passed  ovet  our  meridiai)  mo; e  tttifa  race 
6r  twibe  in  a  day,  it  would  have  been  tadiauB  to  dfiCe^ottflfi^'wfimi 
ha^  Dccutred  most  frequently.  The  CirrasttjUus  '^'H^j^^'Wt 
breyailed  the  ^atest  number  of  days,  and  the  ^triiifWuibll^ 
The  Nimbm  has  appeared  tfn  160  different  days,  aittoia^TS  u 
stated  in  the  table,  nnder  Weatfier,  to  have'raine<f  only  l()l^4^' 
In  order  to  reconcile  this  seeming  differeilce,  it  is  onTy'tifec^Braiy 
toDieiitiyathat^N^r/i^usie  oflenfurmedby  aninosculatiQn^(}ftl|> 
Catftulus wA.  Ci'rosiratui ;  also  by  th,e  desceqdii;^  diry^^rifoa 
the  Cirrostratiis,  and  may  pass  on  wi^  a  »ina]I;portioB/6f.rHin 
that  wiU  not  measure  i-^th  of  an  inch  from  the  rain-gauge!  AD 
the  .^qaod locations  of  clouds  seldom  appear  in  one  dqiyt  ^e 
Sir^ittis  ..is  seldom  seen  imiRediately  oefore  the.  coBaoVfi 
clouds  are  disposed  to  let  faUtheir  contents  in  rain,  or  otherwise: 
its  appearance,  on  the  contrary,  is  pi^gnostic  of  a  fair  day.  We 
have,  however, :  by  strict  attentaon  to  atmospberie  phewtuiu, 
been  favDursd  with  Bib^tof  aili^^emin  12  or  14ikmub,  imr 
timesi' during  the  y6ar,imos^  about  Michaeloiu,  -  A-  taMm 
simultaneous  change  of  tempei!itaieand|iTeSBiire  of  the  deotaK 
state  of  the  atmosphere,  and  ijf  reverse  nmda,  is  sometimeB  tbe 
cause  of  tliis  ani^fAAft.'j  .^' 


,^9.)]      AivJ}imi!$(fs\Me<0MAjAb<.O  ^    4fi5 

liUltafarofitllcfiii.     ilhoji  i:-.  ; -.T  '. .  .    *:  7V  . -/u  'noil 

^  ^^T£(eL  qtiilfiiJif^  ttjAeit  htti  ^vtporated  henj  thin  yettf  is  1)ey(md  af 

fi|U[ie)^Sti'tervjLtiot4 ;  indeed,  it  is  \&^  inches  more  than  itf  1617^ 

^''^SbiiBl^^^thAt'of  161ff.    In  Jtmelast  it  amounted  (6  9J^tb 

[e«'/';i!iU[' from  ibe  3d  to'  the  9th  of  that  month,  the  1^ 

,tki'riLUir>^  BIX  iiiches  square,  exposed  to  the  weathei',  actually 

'hiiff'an-  iilch  r^gulariy  ev^  24  hom«,  with  easterly  and 

iajtt^)rbf  tl^riodSy  and  with  a  mean  temperature  of  64*7°; 

iifl'lhe  circumstances  that  attended  this  evaporafciqil,  > 

A  of-ijfiaitet  15  inches  deep  and  of  any  souare  afea,  would,  iS 

JPt^  l(tsddng  day  and  night  together),  be  entirely  dried  up. 

-  %(£iic^  trben  we  sele  at  hear  of  springjs  being  pMlj  dried  im  ipi 
^  7£lJi^&er;^kftefa'l6ti]gdroi^bt,  accompanied  by  a  hi^  t^^pciM- 
^   lft8^'^t)bir^iE^  In  April,  May,  Jtuie/  Ji%, 

-  ^^t^bi^  th6  quMtity  that  evaj>orated  was  4]^ 
^^^ffiftf."^  mD^tobd^^-Wtnrembet,  December,  January,  Febriicirjr, 

IPliltiyb^j^itr&n^Jttt^^  to  eight- inches ;  so  that  the  evapo- 

ration in  the  spring  and  summer  months  was  five  times  more 
than  in  the  months  of  autumn  and  winter.    In  the  spring  and 
mer  of  1817i  it  was  four  times  as  much  as  in  autumn  and 


ov^ff^  jqj^a^iy  pf  rain^  as  might  have  been  expected  from  so 
-SS^vftdSH??^^' -I^  "^'^'^^^^  less  th^  in  the  preceding  yea^. 
^ISg^l^g^}^  pifw^^  years'  rain  here  is  30*35  inches;  ^d 

^m^jpief^pf  tiie  last  two  years'  rain  at  Tottenham  is  25'd9  inches ; 
^^^Pf^^  di^erience^  for  several  years  is  about  four  indues  a  year 
m^^^^k!|fp^port  ihqj:^  at  Tottenham  and  its  neighbourhood,  put 
ef^fy&l^^^^  less  attractions  of  the  lower  strata  of  plouds,  in 

$gva'i9  sea,  hills,  ^*  ^^^  Gospor^  which  may  account  for  the 

l^erence  in  the  average  quantity  of  rain. 

'^&om]gaH$(m  of  the  Evaporaiion,  and  the  Qmntity  of  Rain  at 
'^y^kjfdijport,  Btishey  Heathy  near  Stanmore^  and  Tottenham,  in 
•JftAi'mr  1818,  Viz.     ^ 

*^^^     "■"-  BvaporeHoD.  Rain. 

?A^  Gfeport . 49-800  in. 27-940  in. 

'^A^'BiMey  Heath 40-025  . , . . ; . ......  21-406 

•  itt Tottenbam  ........  24-950  ............  26-950 

.y.  W«  know  nat:haw  to  aocount  for  the -conip^unbtive  difference 
ijfthiit  appears  in  the  evaporation  iat  the  latter  ]^aoe^  unless  the 
4^€?vaporator  there  is  pcirtly  sheke^d  fipm  the  free  and  combined 
oirtMB  of  the  sunshiny  land.  jwiAdgwiMt^t  lo  y  ** »! 


a'')|o4ft(lnagaetio  nwdla  prepMtfd'fort^  pm pcagyolhte liMin: 
T«niiti<m^lil9T»llM  been  found  to  be  24^*^  west ;  andrBrom  Aien. 
vtttioiis^^fauKle  \iAth  the  same  needl^m  we  early  past  of  tiieyttiy' 
tfaeK'tB  TCttfiOn  to  oonclade  that  thq  .TariationyWestwaTd  hutiioi: 
attiitted  iti  Munmum,  but  that  it  is  atiU  inomauaff'  veiy  stoirijt;; 
y^t  it  has  hsen  mentioned  in  late  ^ablicaliQn»ili  tfads^^somitry^iiii 
w«A>aft'iii  Paris,  that  the  magnetie  ntedle  ia;  iraoedaDg  fiom-itsi 
wmtem  limits*  ■  ..!■-."■. 

'it  19  neceasaiy  to  obaerre  that  no  correct  conchiaiQn  .oan:bB 
dtawn  from  two  or  three  oursorf  obBemttionBy  however  peifeefe 
tlve  t^naiatus  may  be ;  and  that  a  regular  aeiiiea  xauatbeentefed: 
oil  to  determine  the  question  with  any  degree. cf  ajQpiiraGy..  Aft 
ihh  timeof  the  equinoxes,  the  magneoic  n^le/is  often  distoAed: 
by  strong  electric  winds  ;  and  at  the  close :  of ;  suauneri we.  hn« 
ofas^n^ed  that  the  needle  generally  indicates.. the  greaUelst  yariirr 
tion  t-  therefore,  a  month  before. and- a  month  aftec  tile:SiiiiliiNC 
ahd  winter  solstices,  seem  the  most  proper  times  t<]f  comrnta^ea 
»«  aeries  of  observations  to  determine  the  true -mean  ^state  ef  tU 
magnetio  needle  westward. 


-;iT   '?■'■■  ■;  I?: 


.  Article  VI. 

Analyses  of  Books. 


•  1     ;  .  ■  'I 


Eedherehes  sur  Fldentite  des  Threes  Ckimigues  et  ■  EteBiridum^ 
.  Par  M,  H.  C.  (Ersted,  Professeur  dPUniversiti  RojfiHe'da 
^  Ct!menhagMj  et  Membre  de  la  SocieU  Royate  des  Seie^es-iila 
fntrke  Fu/e,  i^c.  Traduit  de  PAllemand  par  M:  M4frcd]ii 
Serr^Sf  Ex-'Impecteur  des  Arts  et  Manufactures,  et  Prt^esriuf 
de  la  Faculte  des  Sciences  d  tUmversite  linperialei'de^ii 
Societ6  Philomatique  de  Paris,  ife,-  Pbiis,  1813/- ' 

Fbom  the  statements  ^ven  in  the  second  chdptiir  of  hia  ma^ 
of  which  an  abHtract  will  be  fomid  ia  the  test  tuuober  of'^l^ 
Annals,  M.  CBrsted  draws  the  following  conclusions  t      -  -   ^'  : . 

1.  That  the  force  of  combustibiUty  and  the  biyroing,  force  afe 
l3ie  ultimate  chemical  f6rces  to  which  our  experiments  c6ndudt%sl 

2v  That  they  are  Ukewise  the  forces  whicn  give  to  bodies  their 
physical  propertiet». 

'  'S/'That^wemih^  consider  these  forces  uls'  the  primitive  and 
nnivevsal'fovei^'of  bodies; 

.  CHAir«JJ(Ifr— (^</i«  A£tian  ofForces-in  the  Chemical  Circb, 

c  i  Ou^  dtithor-gives  <he  name  of  irAfmic^r/nrq/e  to  what  is  asnalfy 
t^moed  the  ^Rttiiic  or  voltaic  ciincle ;  because  he  ia  of  opinxm 
4M'thecip)te«io)9imai 'Of  thttt^^M^  are.^^^ahlce<t  fay  Ae-hro 


1B19.}T.^  Sur  PIdentite  det  Fme$CkimiqU€9  et  Electriquet.    4jff  < 

<^efi(iicai '  forces  xvf  ooinbustibility  and.  bvurning^'of  :Yi4iiiBli:|e^ 
treateiel  in  tf>e  second  chapter^    When  two  inetalsdiflreringfiit-' 
their  combostifaility  are  placed  in  contact,  and  tiie  ^cirde  .eoair/ 
pleted  by  b  qTiantity  of  water^  the  barning  force  of  Uie  water  ii- 
ajbtiiM^ted  bf  the  force  of  combuatibility  of  the  most  combii^tiUDr 
metal ;  while  the  force  of  combustihility  of  that  metal  repels  thtt^ 
force  of  combustibility  of  the  water,  which  force  is  attracted' 
towards  the  least  combustible  metal,  which  contains  an  excess^ 
of  burning  force*    Hence  a  current  of  the  burning  force  of  ihe 
li^ater  passes  through  the  liquid  towards  the  most  combustible. 
metal ;  while-  an  f^posite  curcent  of  the  force  of  combuaUbilityv 
I^lisses  through  the  same  liquid  towards  the  least  combustibfe 
liieta}.    Hence  the  hydrogen  of  the  water  is  attracted  to  thb 
least' combustible  metal,  and  the  oxygen  to  the  most  combustiMcf 
metad.    The  hydrogen,  fihen  it  comes  in  contact*  with  the  lea^ 
combustible  metal^  makes  its  escape  in  the  form  of  gas ;  but  the 
oacTgen  usnaOy  combines  with  the  most  combustible  metak 
Wtiaieyer- promotes  the  action  of  the  metals   on  the  watf^ 
increases  the  energy  of  the  chemical  circle.    Hence  water  cqu<* 
taining  acids  in  solution  answers  best.    The  energy  of  the  circle 
is  increased  by  every  repetition  of  the  pair  of  metals  with  the 
liquid  between  each,  because  every  pair  of  metals  adds  its  own 
energy  to  that  of  the  other.    Alkalies  are  attracted  to  the  same 
met^  as  hydrogen,  in  consequence  of  their  excess  of  combusti- 
bility ;  while  acids,  for  the  contrary  reason,  are  attracted  to  the 
same  metal  as  the  oxygen.     It  is  obvious  that  all  the  other 
phenomena  of  the  voltaic  circle  may  be  explained  on  the  san^ 
principles. 

The  reader  who  is  acquainted  with  Mr.  Donovan's  mode  of 
eicplaining  the  action  of  the  voltaic  battery,  will  perceive  a  con- 
siderable resemblance  between  his  hypothesis  and  that  of  Prof. 
QSrsted;  though  certainly  there  is  a  considerable  difiierence 
between  the  two.  Our  author's  view  of  the  subject  is  less 
encumbered  with  hypothesis  than  that  of  Mr.  Donovan ;  and  he 
does  not  suppose  the  transfer  of  the  chemical  attractions  and 
repulsions  which  constitutes  the  foundation  of  Mr.  Donovan's 
hypothesis,  and  which  is  a  suppositioii  very  difficult  to  conceive 
or  to  admit.  .,  \ 

•        ■■■  .  ! 

CfiAF.  IV.*-0/*  Electric  Farces  considered  as  Chemical  Forq^ 

'■  Hectricity  exhibits  two  forces  of  such  a  nature  that  tSiey 
destroy  the  activity  of  each  other.  These,  therefore,  are  truly 
opposite  forces.  Oue  of  these  has  received  the  name  of  vitreous 
or  positive  electricity,  while  the  other  is  -caHedL  restnofis  or 
negative  electricity.     Each  of  these  as  a  renukive  acti- 

vity for  itself,  and  ah  attractivd:^U9IJ  fS^  »  force. 

Hence  they  are  capable  of  retaimqg  it  is  no 

longer  possible  to  perceive  any  eiM  senee. 

AHMly  may^etcn  contiun  afrumnqAi  'ilpes 


this  last  for  th^  opposite  force  in  the  body  a^'^e  ifeplilddif 
Itbieh'it  nercises  on  ihe  i^ame  hrce'vi  Ihe'oody  Sw4ff<dilitiJi»tit^ 
#)cdibriQmy  and  will  occasion  an  excess  of  jp^iti^e^ibrde  ^^^ 

et  of  the  body,  and  an  excessof  negaiiVe  fpitse  iA  '^Okbtibkij^ 
ving  a  zone  between  them  iU  which  tke^  two* fi>ri^'fi«ii 
e^milibrinm.  If  the  excited  body  be  reniOyed,  th^  <  ^qniliteiittii 
wnl  be  restored  by  the  mutual  action  of  thefotx^es  OEt«d»b]otto; 
1Mb  fact  that  bodies  become  electric  when  brought  itttci'flie 
neighbourhood  of  an  excited  body,  which  holds '  univ^jTMi^) 
4«itioABtrates  that  every  body  contains  the  *tw^  dectrie  fettes, 
though  in  a  latent  state,  in  ccmsequenee' of  thek  nuilttil 
aftferaictions.  •    •     •'         -i 

•  When  the  body  whose  electrical  f<Mrces  ai^ -fhw  dialMfileif  fil 
Mought  still  nearer  the  excited  subatances,  llie;^()()K>8itidii^jii 
fyte/e^  aa^ents  considerably  the  portion  niittrt»it^')A|tf  ^sMtoid 
b<>dy  acijnires  more  and  more  of  the  cfppo^ti^eifkiriei^pi^A 
Ae  portion  further  distant  from  it  acquires  i)^cQ.Guid>ttMsiioMift 
attve  kind  of  electricity.  When  the  distm&e^is  (linai^iahediftf  li 
certain  point,  which  varies  according  tt>  <^cUBi8tanC^''4IVK 
cleotricitf  of  the  second  body,  which  ttf  attrai^te^  by'fhait^f  Ithe 
ftnit)  unites  with  it,  and  disappears  at  the'il^e  tinieqf  M  l|Mt 
ttbthing  remains  but  a  portion  of  the  electficiity^  oftk^fM  if^tf^ 
flibd' the  electricity  of  the  same  kind  alcetuntilatled  ilit'^e^AlOit 
4iiBtant  part  of  the  second  body.  Only  th^  Mine  kkd'^f  iM0ttb 
tity^^oyir  remains  in  these  two  bodies.  Hhfe  h^  ^Itd^  ^ifo^^ 
eians  regard  the  process  as  the  cominuincatlbn^of  efeistrichM^ 
i^MBf  the  first  body  to  the  second.  "  •        :  •.  »•  h 

It  is  obvious  from  these  facts  and  many  others  stated  by  Praf. 
QElrated  that  when  electricity  is  accumulated  in  a  body,  it  bccla^ 
sions  the  accumulation  of  the  opposite  kind  of  electricity  in  "the 
itone  next  it  by  attraction,  and  the  accumulation  of  the^i^iybe 
kind  of  electricity  in  the  zone  next  in  succession  by  reptdsieiil 
It  attracts  the  opposite  electricity,  renders  it  ktent,  while  hU 
itself  rendered  latent  at  the  same  time.  The  second  zone  t)COa^ 
sions  a  new  zone  of  opposite  electricity,  which,  render,  each 
other  latent  in  the  same  manner.  iThus  electricity  is  always 
{HX)pagated  in  an  undulating  manner.  These  changes  «tt0ceed 
each  other  so  rapidly  in  good  conductors  that  we  cannot'obsieTfa 
them;  but  in  bad  conductors  we  can  distinguish  by  mealls'tf 
the<dectrometer  alternate  zones  of  positive  ami  negative  eleetri* 
city.  Thda  the  transmission  of  electricity  is  merely  a  change  ill 
the  equilibriupi  of  the  natural  forces  of  bodies.  ■ 
.  vylhattmnsmission  of  electricity  dependit  upQn'ita^i»^«rt«t^-aiid 

S^-^:^\^aauti^y^  The  ioiensitxiiB  mea^urediby  the  goeaHicis 
j^cfLthraotionii  ^ndhae^ed  lyAnftieleotwiniiieter;.  ^^Th^ -qouHify 
tuK^Smmfmxtiek^  ti^iiifafaBdichai^A^i^itli^d^cfriQity  up  to^t 
deitUiEsdbelfomatnGiiid^^v^Ll  <OtJ^  poM^ 


\i}Sb\]  Sur  ridentite  d«,JR|r^  <iMm$«ie«  et  Electriques.    ^gi 

erfl^ftj^fff^tf^^*  irit^rtfity  of  eieetiioity  *he  mor«  e^yrioi^tlil 

Ifi  %i  f^(^ ;  coaijiM^r , ,  Thie  fipref^t^i!  tbe:  ^laitity  of  oleie^ai^ 
1^19  iiAOve ,  difficult^  .ia  its  ccHOQipkt^  ttammisaiw. :  i  Ttu».«6ilipleto 
If^AiaissioB  becomeft  alao  moi^(aii€l:»ai9re  difficult  ^  .worsts  a 
«09duc4x)I^.the  body,  ia  thrcmgh  which  it  has  to  pass.  HexMM^' 
]|bu9YV^^^  different  thie  «oiiduqtiog  power  of  two  bodies  may-rbe^ 
^ej9^  atways.fiiQdttwo  quantities  of  electricity  such  thaA<;^i^ 
]iij^;b0  trfliifitviitted  byr  the  tw bodies  ioi  &e  same  time»>  -  -^iiofis 
If  we  wish  to  act  chemically  on  different  bodies^:  W0^  jUmmI 
f^vU^jUhrnkm  qiiantityof  eleetrioity  proportional  to.ih^  cpodil^t- 
NlgY^ciiwisiir  .^nth./tn  iolieBsi^iiiirersely  as  thal.pDwer^'-^39i4 
bteii«^  i|iArU)  iejdkibits,  the  smallest  quwitity  of  eleetrioit^  wi^ 
tlifii-gr^atestoibtt^  and  still  more  i^vlhrf 

^^riQ«iiba^t^^t(1&4|UAntityofele^  is  greater relatiY^lii 

yt^jm^t^itifp* )  }  Whon  aleotricity  is  communicated  by  contoct^ldiMi 
yinntity  .ia  ollten  greats  bat  the  intensity  very  weak.  .  rj^  'ny.. 
:?/f^]^fierprii2c^es  ;«o^  well  exemplified  in  the  action  of  ekwb&r 
.10^  0^  winter.  .Whei^  a  current  of  diectricity  firom  i^maohimiii 
JB^im  :t9:!ta;yearse  waier  bv  means  of  two  opposite  ^ii^^iitihii 
jii^ricitnQt  dBoomposedy  because  the  whole  eleoJtmoife^<'HiT  dour 
4wiifiA  ;by!  ih^  lii^dk  ^y^  ^  ^^  corer  the  wiros  wiih^l^Mii^ 
^flOM^  tbw  very  extremitiesi  the  wh<de  of  the  electri^i^.qamtflt 

SO  .iy>94acted  by^the<  walerj»  and  w,  consequence  thftt  Uq^w 
ecomposed.  When  water  is  made  a  part  of  the  ToltaioieiioliH 
4»e<}nlenBitv  isso^smalli  and  the  quantity  so  great^  that  itiabot 
:ilbolly  c(maucted;  and  hence*  the  decomposition  of  water  bjF  the 
90Haic  battery.  v.,.. 

0:.;!llindeed  ail  the  oxidations  and  deoxidationSi  the.  attractions  of 
ti^  .opposite  conductors  for  the  acids  and  alkalies,  &c;  slauo/wi 
jibat  the  chemicad  and  elee^cal  actions  are  product  by  the  samt 

'  .CjiAP.  v.— Of  the  Production  of  Heat  and  its' Law9.  '  '  ' '' 

bf>This^ichapter  is  one  of  the  moat  iieportant  in  the  whole  worl^ 
ea^iilsiobjeQt  is  nothing  less  than  to  sive  a  nemytkeoiycf  haUk 
'aiSktrtheifiame  time  I  must  acknowledge,  thatJtheivieiwfe  o£?dM 
sMtluir  9n  this  subject  .possess  a  certain- deecee' of  •tibsciuiljy 
d»roi|A^  which  I  am  not  quite  certain  whetfaenl  haHrehedhfoytRi^ 
nate  enough  to  peoetietew  .cVi^E^»thex'tibiB■b^^o^lfkt|^i^ 
QScsled  not  having' .es^hressed  fatmsdf'.with  enflkiraBliiBteaaDiSss, 

fhf«HOtry»:.on  whKdi  his  reasomng  aepenoB^  laimogui^^mKna 
ifoc^vp^  vbiifelohaFejitiUlamencibetiidha^^  ^^rteTtiMomiiillfiii 
Mng  iMte  jtottde  agjioiifly  fetlfchdi(^]j^tlig)a>MiiiifiM'i  m  ii  wIIihIi 


■i:. 


■HP   ....r..,>.-.   .,  ..4»«i'ywi.^-BaiA»^i..^,...r-i  ,,.-►    £4^*?i, 

,be4i»wB  from  Jus.theonr,  or  even  tQfqrip  a.yf;f^prpaa^ji^t^ 
n«A  (^F.Uie  theory  itself.     His  Kimwas'W-}^'if^fiittL,^^l 


'§b^  epdeavuiirto  lay  the  diAl-reot  stegsoT U)e  i^,4vptiOc 
my  readers.  ,,;'   .^  ,,  ,,  ., 

..  I. /W^heD  electricity  piwses  with  facj^ty.^roiig!^  tuy,^^. 
^tKera  is  no  perceptihfe  heat  erplvcri ;  biit Mait  ts  always  proauc^ 
irhfan  the  electricity  parses  with  a  certain  degree  of  diiEGcult]^ 
pi^ovided  it  does  pafis.  Aud  the  more  difficult  the  pEissageub 
^  greater  is  the  degree  of  heat  which  appeaj^.  If  we  Uk«  » 
Viie  of  a  given  diameter,  and  cause  ati  electrical  shock  to  pass 
through  it,  -no  heat  will  be  produced;  but,  by  diminishing  the 
^jiameter  of  the  wire  continually,  aud  still  trdnsiuitting  the  same 
quantity  of  electricity  through  it,  we  shall  find  l^at  it  will  become 
Kpt,  tlien  ned~hot,  and  that  it  will  hnally  be  dis»i;)at«d  in  funws. 
TJfow  the  diffi?u]ty  of  the  passage  of  the  electricity  obviously 
increases  in  proportion  as  the  diameter  of  the  wire  diminishes, 
.  ,;2.  The  better  a  conductor  a  metal  is,  the  more  difficult  it  is  to 
fuse  it  by  electricity.  Thus  copper,  which  conducts  electricity 
jitter  than  iron,  is  much  more  difficult  of  fusion  fay  electricity 
t^a4iron;  so  great  is  the  diffemnce  that  no  electrical  shod 
^bat  ve  can  produce  is  capable  of  fiising  more  thaa  a  very  sm&D 
pbrtloii  of  copper  wire ;  while  the  same  shock  is  capable  of  fus- 
ing a  length  of  iron  wire  of  the  same  diameter,  amounting  to  si^t 
or  eight  feet.  The  reason  why  zinc,  lead,  tin,  8tc-  axe  uot  so 
Waily  fused  by  electricity  as  by  heat  ia  obviously  the  goodness  of 
^^e  metals  as  conductors,  which  prevents  the  requisit..  .'egre^ 
of  beat  for  fusing  them  from  beiug  evolved. 

."i,'  When  a  galvanic  current  is  made  to  pass  through  a  tube 
fiUed  with  water,  we  shall  find  that  the  greatest  quantity  of  heut 
IB  evolved  ia  the  middle  of  the  water,  and  a  thermometer  placed 
at  the  negative  extremity  acquires  the  least  heat.     This  was 

rved  by  a  set  of  experiments  made  on  purpose  by  OErstedj  and 
another  set  by  M.  Buntzen.  In  Professor  (Ersted's  esperi- 
iQcnts,  the  water  was  contained  in  a  tube  composed  of  se^ing- 
woxi  in  those  of  M.  Buntzen  the  water  wa«  counned  in  a  glass 
iiUie.  The  reason  of  the  different  quantities  of  heat  vvbich 
a^ear  in  different  parts  of  the  water  seems  to  be  this;  thatiuth: 
fnudle  of  the  water  no  gas  whatever  is  evolved,  while  at  the 
^egtuti^fi  ^ud  there  is  an  evolution  of  a  greater  bulk  of  gas  than 
ilJUite  positive  end.  This  gaa  must  deprive  the  water  near  it  of 
a.  partion  of  its  heat. 

,4..  Thus  it  appears  that  heat  is  evolved  when  electricity  is 
transmitted  by  contact;  a  fact  which  seems  inconsistent  with 
the.  hypothesis  of  those  who  majie  the  heat  produced  by  electri- 
fii^  to , depend'  upon  a  mechanical  vibration ;  for  the  vibration 
CHUH^qt  "it^j^iich  a  case  be  great ;  and  we  know  how  difficidt  or 
jieMt^MbJ^lt.iSiit.0  produce  heat  by  the  friction  of  fluids  against 
efgpiimp^fi^  iJpu;  simultaoeona  disengagement  of  gas  and  heat 

iWJ  «feiF8B(te,«?f  5«,i#%*5»ff„  8f*#,»'iJB#S 


I^i^:]    Sta-ridentitidaFonetCkhniguatt  Eleetriqua.   '^ 

lif^mted'. _  W^  maf  likewise  heat  viYte  tiy  the  electncitr'oF 
cpnnct^'  1*0  produce  this  efiect,  we  moBt  employ  large  ine^ic 
f^ieB,  ili'order  to  coUeet  a  great  qua&tity  of  electricrty  relatiVe 
%oh»mteimty. 

■  ;'  Such'  is  the  induction,  from  which  Prof.  CErated  concludes  &»t 
i^,lfl  'a.sCneral  law  that  bodies  become  hot  whenever  they  nrejbrai 
'€o  (Qtiditct  a  greater  quantity  of  electricity  than  they  cen  freely 
'tratiiniil,  '  In  such  cases  there  is  always  a  considenble  accumv- 
tatiOn  of  die  opposite  electricitjes  before  they  anite.  It  is  thU 
'xii^ion  of  the  two  electricities  which  produces  heat.  PibfesB6r 
(ErSted  does  not  explain  himself  with  regard  to  the  natore  of 
heat.  He  does  hot  infonn  ns  whether  it  be  a  tubstantt  formed 
liy  the  union  of  the  two  electricities,  as  was  the  opinion  alf 
Vtlnterl.  Indeed  from  his  mode  of  expressing  himBelf,lie  seerifB 
rather  to  be  of  opinion  that  the  two  electncities  are  nOt  'Wui- 
stan^ea,  but  forces ;  and  that  heat  ia  a  force  composed  of  (he 
two  opposite  electrical  forces  united  together.  If  this  be  the 
nature  of  liis  theciy  of  heat,  I  confess  that  I  am  unable  to  fotm 
any  accurate  conception  respecting  it.  I  can  conceive  twi 
opposite  forces  rendering  each  other  inxemible  by  their  tnutdal 
acuon  ;  but  I  cauoot  conceive  tliem  to  unite  together,  and  ferm 
a  new  force  of  a  diiferent  nature.  I  can  form  a  conceptioil  of 
what  W^mterl  means  when  he  says,  that  heat  is  a  ju&jtonce  eom- 
poeed  by  the  union  of  the  two  opposite  electricitite,  firdvid^'d 
these  electricities  be  substances ;  but  if  they  are  nierely  (^oiit^ 
forces,  the  affirmation  that  heat  is  produced  by  their  ntatfti 
peems  to  me  at  least  to  be  merely  words  destitote  of  iifeas 
^tta^ed  to  them. 

,  As  I  am  unable  to  perceive  the  accuracy  of  the  reasooitfg'ib 
t^f!  following  paragraph,  in  which  Prof.  (Ersted  dedncessottie  of 
th^  most  stnlung  particulars  respecting  heat  as  conset^netic^s  of 
Otig  theory,  I  sh^  present  the  reader  with  a  literal  ttanslatiotl  df 
tb^  JiaAs^e. 

■  ■  "This  action  (the  union  of  the  two  electricitieiy  ouffht,  titere- 
fore,  to  disappear  in  a  point  of  space  just  when  it  begids  to' t^ 
\gX;  the  succeeding  point.  Accordingly  it  leaves^  no  trace  aa  long 
fUiJt  meets  with  no  obstacle;  but  when  it  meets  with  r^sistabteji 
t^e^case  is  quite  different.  The  force  which  oiieht  to  acctHfttt- 
late  ip  &e  place  where  the  obstacle  occurs,  not  being  at  Iftiert^ 
to  put  Itself  in  equilibrium  with  an  opposite  force  id  the prOlCings^ 
tion  of  the  line,  turns  its  action  towards  another  ^itlt,'irtiitre 
there  ia  less  resistance,  in  order  to  continue  to  act  in  ^6  vscait 
coAOoer.  '  This  is  what  happens  in  the  reHecttfin  of  heat;'  -  Tl^i 
iiew  direction  will  be  determined  bv  th^  direetidri'Vluoh^U  hlE^ 
before,  and  by  that  oif  the  residUnl  '  '  U&V  |>G  d^ten^inM 
by  the  fundamental  pdnciplCeir  qif ^  'Vtbiut  out'th^ 

law  known  to  all  the  world  th^  W  4  »  etfUU 

to  the  angle  of  iqMd^h«s:.^-1f:^(fH  ttk^hiUfi 

deduced  Bete  IRtaM  o«it  lirincIiJWUH  tUtliiht. 

We  shall  continue  a  little  further  UM  Wt&n 


M9  ..w,,.../  i4»i/ysw^fiif'iBddb;ii^JV»yviO-'*\         j*jgife^ 

•c4b»/;i<)Iit  i»)i6tmoti8  tfast  heat'  omf^t'ifo  U«4^t{«f^?ei    ^ 

teilt(l^cl  ineqtiiity,  ies^AeciaHy^  iiv  tli«  ittia&e3it:|^ 
if  Jik^wiie  that!  tBe  fetmaiof '^iidlf-^^fr^^^'i 
tMamoitM  xDOia  euily  by  iiieaab^cf  •pdi&u*'Hekrr<tted'*U)^ 
wufece  tlian  fay  those  that  form  a  l€rrd<»tfrflcei  •  He^cefW^li 
Aafe  bbdiei'With  u  briHiaiit  svrfade  ought  tiol  tiietely'W,' """''' 
iROre  perfeotljr  the  exteriml  heat  whidh  ewied^ohiv  to  pi^ 
into  them,  bathkewiae  Cbe  >iiit6nial  becrtJ^lvrfafiolE  <efideltV^$cMlB 
escape,  as  has  been  proved:  by  the  beautiful  experiments  of 
Leshe  and  Rumford.    According  to  our  priQciples,  those  bodies 
which  are  the  least  capable' of  c6nt[iicung  a  great  quantity  of 
electric  forces  are  the  most  proper  to  transmit  this  calorific 
action ;    for  they  are  most  proper  for  its  production,  and  its 
propagation  is    merely   a  continued    prpdux^tipju^^     The  small 
number  of  experiments  to  which  we  can  ieit  present  apply  this 
principle  confirm  it ;  especially  the  ^reat  iacility  which  we  find 
m  all  the.gases  for  this  sort  of  transmissioi^..  .It  would  beo^ui- 
^ie  to  ascertain  whether  the  oils  dp  nottpo^pieas.  thfiriaab 
troberty  in  a  higher  degree  than  all  other  liquidi^''  ^,^  i.^uj-ii'^H 
'  The  opposite  forces  in  bodies  are  disturbed  by  iVic^o^|-  Mfism 
of  these  forces  be  permitted  to  make;  its  'eseape''!bjyi  eipeiMliga 
CODimunication  with  the  earth,  we  have  the  ipheiiiy^ttieAiL  ftf  $Imh 
dtldty;  but  when  this  separatioA  does  not  ta)(f):i4iM9e^filoiilin9 
takes  plac!^  l>ut  an  internal  change  in  the  equiliDiillili;  tofciin 
Sliisebuenbe^  the  different  phenomena  of  heat.     Prof^^CBiMflA 
then  snows  at  considerable  length  that  the  eFoliitioa  pf  bai^y^ 
fttction  is  inconsistent  with  the  comnwa  theory  w^ucl|f4wpQf0S 
a  icaloriflc  matter;  but  that  it  is  perfectly  consisteiiti.wMlwliti 
own  Uie^  that  heat  is  the  consequence  of  the  jUBieiirof  .^.ilflyo 
d^'^triclties  in  particular  circumstances.'^      -  \  j-i   •  .,':.'n9-.ti01o 
The  quantity  of  the  opposite  forces  wnich  ^spsla  in  efi^bAly 
ap^ars  then  to  be  very  great.    The  cheiaical,prpMHie9r:^lli6 
body  depend  upon  the  preponderating  forces  j^  Jhe  ^fi^ffii^k^ 
raiting  quantity  must,  in  all  cases,  be  very  sm{^jl^^^iect^<MPpaiMll 
ifHh  that  of  the  forces  which  ac^4i;i^^sqwbl9f^n*:^^<S^ 
of  bcjafes ^ is;  fl(Qt ;owinc  ta'the  jpii^cmdef^^ 
expdbsive  pfoperfy  of  those  fprc^^  wf^ch,  are  jg  »e^Ul>ffy)ffl|fi^^|r. 
which  proauce  a  dilatation  wnich  is  greater  or  less  according  to 
the  intimacy  of  theigggmbiimUono ;  "fera  tTuiIj^'uccupies  the  less 
▼olume  the  more  intimately  its  forces  are  united,  and  is  the  more 
dflated  the  less  intimately;  they  ace  H^^df    Hence  a  hot  body  in 
which  the  equiUbrium  of  the  forces  is  more  disturbed  ought  to  be 
more  ttfle^ed  than  a  ooU  body  in  whidt  A^  ^i:ffibrkiih'  ii^  Mdk 
intimate.  -i;*/-?!  >?-  Kir;v    a  it  I'-jV'/tJD    • 

The  remaindCT  ^  t^  Raptor  i^J^«n^^ty  pur  author  in 
thowing  that  alt  'ttte  tacts  TesM<xing  neaV-wnh  which 
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J^^^l^f^^Tl^i^rh^aA'  ehangea  the  «tate  of-  b(«Ke«,  idonimtiM 
i(]^^|ii()Wcl9> (Kind: Uquidi^-  into  elastie  flvids^/d^jTIlM^K^M 
W^f  IfW^ft^-f^^lttbimtiQPft  and  dcoomposkioiii  j'  4t  flwe 
^•p>ga^ed  ritt:  vftry  09Atei''AevA^ 
^^ ..fy^^J^odiesbave  difibiient eapaoiiies  £br  heat ;  6.  Tbiijt  when 
£Oi|^.l|^eicqnver^d  into^ liquids  or  liquidfiioftorapaiutr,  a  o%tt^ 
l^p[tjily  of ;  heat  alwayt»  disappears^  These' phenomenat'ati^ 
ac^untad  for  in  a  ^ry  jaimple  aod  satiBfactory  ilaaiiner.-  Iiid^itfft 
IJ^e^ODly  thing  that  6ur  aXttnor's  theory  of  heat  want^  is  to  to 
^'presaed  iu  a  more  precise  and  definite  manner.  .        ,7 

■^,.     .  .  {T6  be  contimud,) 

' :  ■ '.  •■•.  I 


■■l> 

Article  VIL  *  >«- 


1 

•     Proceedings  of  Philosophical  Societies. 

■■•1.    '  ■  '  .- 
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y-Mareh  1tl^*^A  fkjaer,  by  the'  Rev.  W.  Kirby,  was  read,^  9"?  ^^ft 
cbancto^  of  tiie  Otpcerus  and  Ftdgorella,  two  new  genen^ '  qT 
Hemipterous  insects  belonging  to  the  family  of  Cicadiadae,  with" 
iiideiltoption  of  several  species.  '       [^".^^^ 

1^  Also  tua  account;  by;  Mr.  J.  Dnimmond,  of  some  experiinj^fis', 
nseit  in  the -Cork  Botanic'  Garden^  by  isowing  ih^  powder  foioia 
iflfiiht  tipe  capstllcfs  of  Fdnaria  hygrometricisi.  \'\.  .'.  V^  ^4 

(iijMMrcA  l6«<-^M:n  lindley's  monograpih  of  die  getius  !^yWi 
deiltittci^d.- - '        /"■'  ■■';  .'';.;  [\.^^J;^^l^ 

X<iAfril  6* — A  paper^  by  R.  Browh,  Esq.  was  r^ad^  ^id  Ly^a^ 
a^ttcnvi'g^us  of  mo/ssies/with  sonie  remarks  on  LeptpstompmahSL 
BiiibhMiffiili.     -  -  -       •■      '     "  '^  ■-    /'.t^!^ 

<»  Atlfais  meetmg  there  was  also  begun  a.memOir  on  |£^e  .bfrof .' 
of  Greenland,  by  Capt.  E.Sabine.  ;  ,  .    \..   . ,-.  *^' 

ViA^^pkpet  Was  Hkewise  rea<)^  entitled  ^  Remarks  '  on  t^ip^ 
©Madgei*  of  Plumage  rff  Birds/*  by  the  Rev.  ^.Wtiteal^.         '  •; 

-^}l^mii99.'^Ciipi.  E.  Sabine^s  account  of  the  birds  of 'Greeijh 

UndNw- erased.  .  "'/'":.:    ,.' ^' .^  ..• , ;^^ 

it(Altthw  meeting  5itri^  also  read;  b3Pl  actount,  with  drawings^  diit 

'v^dE^tdbfo  ipecimens  found  iii  tli^i  coal-pita  in  the  n^ig3^b0umoo4. 


f  •  •  ■•  f  ' 

1,  '  r-  '    \- 


dSiGtmMM,  by  the  Rev.Mrl  S)ilnxier. 
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of  all  the  simple  gases  is  tlie  same,  and  thai  the  specific  ieat  «f 
simple  solids  is  propartio^uil  to  their  capacity  for  oxygen.  Tbim 
laws,  if  well  fouuaed,  may  be  justly  dassed  among  tlie  poii 
importaot  developed  by  modem  chemistry. 

IL  Euclase. 

Berzelios  has  lately  subjected  this  beautiful  and  scarce  minenl 
to  a  more  accurate  analysis  than  that  of  Va^queUoi  whosns- 
tained  a  loss  of  21  per  cent.  The  result  of  Benelius's  ana]]fai 
is  as  follows : 

SiUca 43-32 

Alumina •  •  •  •  30*56 

Glucina 21-78 

Oxide  of  iron 2-22 

Oxide  of  tin 0-70 

98-58 

From  this  analysis,  Benelius  concludes  that  it  ia  a  compound 
of  one  atom  of  siUcate  of  glucina  and  two  atoms  of  silicste  ni 
alumina. 

Vauauelin's  analysis  gaye  the  following  constitaeats  of  6iis 
mineral: 

SiUca , 36 

Alumina •  •  23 

Glucina 15 

Oxide  of  iron •  •  • .     5 

Loss 21 

100 

III.  Iron  Ore  of  the  Isle  of  Elba. 

Crichtonite  possesses  a  peculiar  metallic  lustre,  which  belongs 
also  to  the  iron  ore  from  tne  island  of  Elba.  This  circumstance 
led  Berzehus  to  suspect  the  existence  of  titanium  in  this  latter 
ore.  On  making  the  experiment,  he  found  his  conjectare  veri- 
fied. The  presence  of  titanium  in  this  ore  indeed  mav  be 
discovered  by  the  blow-pipe.  Dissolve  before  the  blow^pe  a 
little  of  the  Elba  ore  in  tne  douUe  phosphate  of  anunoma  and 
soda,  and  then  reduce  it  completely  oy  exposing  it  to  the  kife' 
rior  Same  of  the  blow-pipe.  The  c(dour  c^  the  iron  disappean 
almost  entirely  during  Jjie  co<^ng,  and  at  the  instant  that  the 
globule  becomes  sohd  there  appears  a  reddish  orange  coloVi 
which  is  owing  to  the  presence  of  titanium  or  wolfram.  Bern* 
lius  ascertained  that  in  Elba  iron  ore  it  was  titanium  which  was 
present. 

IV.  Yellow  Oxide  of  Uranium  of  Autan. 

From  an  analysis  of  this  ore  lately  made  by  Berzelios,  it  fol- 
lows that  it  is  a  uranate  of  hme  containing  a  great  deal  of  water 
of  crystallixation.  That  of  Corawall  ia  the  same  condwialioB 
coloureid  by  axaaniafca  oi  cicvgigQt. 
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J-  ■!      it*'  ^i^  Pjfritei^  Qr  Radiated  Pyrites.    ^  .    ['^^^ 

t.rli  is  Weif  knowil  to  muieralog;ist9  that  the  crystalUne  forms  of 
this  variety  of  pyrites  are  quite  different  from  those  of  .oobubodl. 
pyrites,  and  cannot  be  mathematically  deduced  from  them.  On 
that  account,  Haiiy  has  constituted  it  into  a  peculiar  species, 
imder  the  name  of  white  pyrites.  Werner  distinguished  it  under 
the  name  of  kammkiei.  "^rzelius  has  lately  subjected  it  to  a 
earefid  an^ysis,  at  the  request  of  M.  Haiiy,  to  determine  whe> 
ther  any  difference  existed  in  its  composition,  as  had  been 
inferred  from  the  difference  in  its  x^rystalline  characters.  But 
he  has  been  unable  to  discover  any  distinction  whatever  between 
white  pyrites  and  common  pyrites.  He  proposes  to  repeat  his 
experiments  on  other  specimens.  Does  this  mineral  constitute 
an  exception  t6  the  science  of  crystallization  as  seems  to  be  the 
case  with  arragonite  ? 

VI.  Pho^hate  of  Manganese  of  Limoges. 

'  This  mmbrieu  was  discovered  some  years  ago  by  AUuan^  and. 
sent  to  Vauqu^fin  ks  an  ore  of  tin.  That  celebrated  chemist 
subjected  it  to  analysis,  and  ascertained  its  composition.  It  has' 
beien  Tately  subjected  to  a  new  analysis  by  Berzelius,  who  has 
found  it  a  compound  of  one  atom  subprotophosphate  of  iron  and 
one  atom  of  subprotophosphate  of  manganese.  The  constituents 
extracted  from  it  were  as  follows  : 

Phosphoric  acid  .  •  •  • •  •  32*8 

Protoxide  of  iron 31*9 

Protoxide  of  manganese 32-6 

Phosphate  of  lime 3*2 

100-6 

*  Vauqbelin^  analysis  gave  the  constituents  as  follows : 

Phosphoric  acid 27 

Oxideof  iron  .,, ....,,. 31 

Oxideofmanganese... •.  42 

^    -  100 

»    T  ^  VIL  Fibrous  Qamit. 

'Mineralogists  are  well  acquainted  with  a  variety  of  quartz 
which  Werner,  from  its  texture,  denominated  fibrous  quartz. 
Mh  ZeDner,  of  Pless^  lately  analyzed  a  specimen  of  this  variety 
orqtn^/from  Hartmantisdorf.  *  He  found  its  constituents  as 
fidlowii :  ^ 

-  Sihca... ..:.....••  d8-75  .       ''"■ 

Oxide  of  iron.  .^ •••••    0'76 

Water 0-25 


« ■  < 


<.  W9-9m^  \    .,4 


98'7i. 
^ta  sge^p^  grayilgr  w^  f<wiML2r608. 
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VIIL  On  the  Discovery  of  Bipersulphate  of  Iron^ 
By  Charles  Sylvester^  Esq. 

(^d  Dr.  Thomson.) 
SIR»  JDerbyj  jipril  5^  1819. 

In  the  Annals  of  Philosophy^  vol.  xii*  p.  462,  yoa  gave  an 
account  of  the  persulphates  of  iron, '  in  which  you  stated  yoor 
discovery  of  a  quadnpersulj^hate  of  iron,  and  you  gave  youc 
opinion  of  the  probaole  existence  of  several  others,  among 
which  was  included  the  bipersulphate.  This  latter  salt  I  have 
been  in  the  habit  of  preparing  for  the  last  seven  years,  and  )k 
has  been  used  in  a  Uquid  form  as  a  tonic  mixture  to  a  consider- 
able extent  durins  that  period,  particularly  at  Derby,  Notting- 
ham, and  Sheffiem.  It  has  also  been  prescribed  by  my  frieni 
Dr.  Robinson,  Physician  tp  the  London  Hospital.  ^  . 

When  the  solution  (which  was  generally  made  to  the  same 
•tre.n|^)  by  any  accident  became  more  than  usually  conc^itniied, 
a  white  pearly  precifNitate  was  always  formed,  giving  the  hqnid 
the  appearance  of  thick  soap  suds.  This  gave  me  ^t  the  idea 
that  some  crystallized  compound  w^  formed.  On  evaporating 
the  clear  solution  I  always  nad  llie  same  white  precipitate,  but 
did  not  for  some  time  obtain  the  salt  in  regular  crystals. 

By  spontaneous  evaporation  in  a  broad  shallow  vessel,  I 

rrocurea  the  salt  in  distinct  crystals,  which  were  octahedroas. 
showed  the  salt  in  this  state  to  a  number  of  my  chemical 
friends,  about  three  years  ago,  and  hate  made  it  in  small  quaa- 
titles  since  that  time  \ 

It  was  my  intention  to  have  publisher  an  account  of  it  as  sooa 
as  I  had  contrived  an  apparatus  for  making  it  with  fisicility. 
This,  however,  I  have  been  prevented  from  doing  by  my  other 
engagements,  an^  I  should  not  at  the  present  time  have  referred 
to  the  subject  had  it  not  been  for  the  appearance  of  an  account 
of  this  salt  in  the  number  of  your  Annals  for  Aptil,  by  Mr.  Tho- 
mas Cooper ;  in  which  he  states  that  he  has  formed  this  salt  in 
octahediul  crystals,  confirming  your  opinion  of  its  probable 
existence. 

It  now  becomes  necessary  for  me  to  state  a  circumstance, 
which,  however  it  may  appear  to  charge  Mr.  C.  with  want  of 
candour,  I  shall  entirely  acquit  him  of  any  improper  motive. 

In  the  latter  end  of  last  summer,  I  showed  the  salt  in  questioB 
to  Mr.  Cooper,  telUng  him  that  it  was  a  bipersulphate.  The 
crystals  were  not  large,  but  with  a  glass  the  octahedrons  codd 
be  distinctly  se^n.  I  did  not  tell  him  the  process,  but  the  name 
would  easily  lead  to  it ;  since  nothing  more  is  necessary  by  the 
account  he  has  given  of  it  than  to  boil  together  sulphuric  acid 
and  the  peroxide  of  iron  in  the  proportions  to  make  two  atoms  of 
lucid  to  one  of  base.    I  am,  your  obedient  servant, 

CHASLEa  Sylvbstbb. 
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IX.  Alloys  of  Platinum.    By  Mr.  Fox. 

(To  Dr.  Thmmoo.) 
ESTEEMED  FRIEND^  FaUnouth^  Fourth  Months  10,  1819. 

Although  it  be  well  known  that  platina  readily  forms  alloys 

with  many  of  the  metals,  I  am  not  aware  thatthe  phenomena 

-    which  attend  its  combination  with  some  of  them  have  ever  been 

£   noticed ;  and  under  this  impression  I  shall  brietiy  mention  the 

;  result  of  some  experiments  I  have  recently  made, 
s  ^  If  about  ec^ual  bulks  of  platina  and  tin  be  heated  to  redness, 
3  in  contact  with  each  other^  they  will  combine  suddenly  with 
tf  great  vehemence,  and  a  very  considerable  extrication  of  Ught 
mi  and  heat,  which  will  continue  for  some  little  time  after  their 
.'  removal  from  the  fire. 

i       This  experiment  may  be  easily  tried  with  a  blow-pipe,  -either 

by  placing  the  metals  together  on  charcoal,  or  enveloping"  them 

-I  (or  thai  only)  in  pMtina  foil,  and  exposing  them  to  the  name  from 

51  a  bfew-pipe  at  the  end  of  some  platina  wire.  The  more  efiectually 

1  the  free  access  of  the  air  to  the  tin  is  prevented  the  better,  as 
m  a  very  small  degree  of  oxidation  on  the  surface  greatly  diminishes 
m  the  success  and  brilliancy  of  the  experiment.  When  piiepared 
^  in  this  manner,  the  flame  of  the  candle  alone,  without  a  blow- 
i  pipe,  is  sufficient  to  ftise  these  metals,  provided  the  quantity  he, 

I  not  too  great; 
y      The  moment  the  combination  commences,  the  whole  is  formed 

i  into  a  brilliant  globule  of  frised  metal ;  and  the  heat  is  so  intense 
9  that  on  my  letting  it  drop  into  a  basin  of  water,  it  continued  a 
short  time  at  a  very  high  red  heat  under  the  water;  and  not  only 
^  discoloured  the  part  orthe  basin  where  it  feU,  but  even  imbedded 
gj;  itself  in  the  glaze  of  the  earthenware,  so  that  it  was  not 
.^  readily  detached  from  it. 

^  The  same  phenomena  were  exhibited  in  the  combination  of 
^j  platina  with  antimony.  The  latter  alloy  I  exposed  for  a  consi- 
")  aerable  tune  to  a  high  degree  of  heat,  till  it  ceased  to  be  in  a 
^  stat^  of  fusion,  in  consequence  of  the  sublimation  of  the  anti- 

^  mony ;  when,  on  being  hammered,  it  proved  to  be  malleable ;  in 
fact,  very  little  besides  pure  platina  remained.    In  this  manner. 


under  that  which  has  been  employed  in  making  it. 

Zinc  enveloped  in  platinum  foil,  so  as  to  exclude  the  free 
*  access  of  the  air,  on  being  exposed  to  the  flame  from  a  blow- 
f  pipe,  exploded  with  vivid  combustion,  and  was  wholly  converted 
jl  into  the  white  oxide.    Very  litde  of  Ae  platma  was  msed. 
'       I  attribute  the  great  heat  excited  by  the  ccmibination  of  platina 

with  tin  and  antinomy  to  the  inferior  capacity  for  heat  of  the 

dloy,  though  this,  perhaps,  does  not  fully  explain  the  cause  of 

the  veiy  nq>id  combination  that  takes  place. 

3«2 
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The  inflammaiion  of  the  zinc  is  probably  owing  to  its  attaining 
a  high  degree  of  heat  before  it  bursts  tne  coyering  of  pladna; 
and  its  combination  with  the  oxygen  of  the  atmosphere  is,  there- 
fore,  instantaneous. 

KoBERT  W.  Fox. 

X,  New  Principle  in  the  Seeds  of  the  Cytisus  Laburnum. 

MM.  Chevalier  and  Lassaigne  have  discovered  the  existence 
of  a  peculiar  substance  in  the  seeds  of  the  cytisus  laburnum, 
which  possesses  violent  emetic  properties.  ^^Y  obtained  it 
by  the  following  process.  The  seeds  were  boiled  for  some  time 
m  alcohol.  The  tincture  thus  obtained  being  filtered  and  evapo- 
rated to  the  consistence  of  an  extract^  the  residue  was  digested 
in  water.  The  acjueous  solution  was  mixed  with  acetate  of  lead 
in  order  to  precipitate  an  albuminous  matter  which  it  contained. 
A  current  of  sulphuretted  hydrogen  gas  was  passed  through  the 
filtered  liquid,  in  oroer  to  throw  down  the  excess  of  lead  which 
it  contained.  The  liquid  thus  freed  fix>m  albumen  and  lead  waa 
filtered  and  evaporated.  What  remained  was  the  peculiar  emetic 
principle  of  these  seeds.    Its  properties  were  a»  fcdlows : 

Its  taste  was  disagreeable.  Eight  grains  of  it  &wdlowed  at 
intervals  occasionea  vertigos,  strong  spasmodic  contractions^ 
flushing  of  the  face,  increased  the  velocity  of  the  pulse,  and 
occasioned  violent  vomiting.  These  symptoms  lasted  two  homs, 
and  left  the  person  who  had  swallowed  tne  substance  in  a  state 
of  considerable  debility.  Its  colour  is  greemsh  yellow*  It  is 
not  precipitated  by  acetate  of  lead,  but  it  iaby  subaeetate.  Itis 
precipitated  by  nitrate  of  silver,  oxalate  of  ammonia,  and  muriate 
of  barytes.  Emetin,  or  the  peculiar  principle  of  ipecacnaaha, 
is  not  precipitated  by  these  last  three  reagents. 

The  other  substances  found  in  the  seeds  of  the  cytisus  labumam 
were  the  following  2  '  '     ' 

1.  A  fatty  matter  of  a  greenish-white  colour.. 

2.  Albumen. 

3.  Green  vegetable  colouring  matter. 

4.  Malic  and  phosphoric  acids. 

5.  Malates  of  potash  and  lime. 

6.  Silica  in  very  small  Quantity. — (Joum.  de  Phaitli.  Ane- 
1818,  p.  340.)         ^         ^         ^      ^  -5 

XI.  On  Thermometrical  Measurements  of  Heights,  Ifc. 

By  Mr.  Murray. 

(To  Dr*  Thomson.) 
SIR,  P«if,  Mm^  28,  1819. 


I  should  be  sornr  to  condemn  an  instnunent  ere  its  inutility  had 
been  positively  decided ;  and  when  I  consider  its  portabilibf 
compared  with  the  common  mountain  barometer,  least  of  m, 
the  thermometer  of  WoUaston  for  the  determination  ofaltitudes. 
I,  therefore,  write  this  rather  with  a  view  to  excite  observeis  ta 

\ 
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the  repetition  of  experiment  than  to  cast  the  apparatus  into 
shade.  I  repeated  the  experiment  of  the  ebuUition  of  water  on 
the  smnmits  of  the  Simplon  and  Mount  Cenis,  but  the  results 
were  by  no  means  approximative.  The  barometric  measurement 
of  the  former  may  be  questioned^  but  the  latter  I  cannot  hesitate 
to  admit,  confident  of  the  accuracy  of  the  observer  (from  a  per- 
sonal acquaintance  with  him).  Dr.  Frederick  Schow.*  The 
comparisons  were  made  with  the  cotemporaneous  observations  of 
the  Baron  de  Zack,  at  Genoa.  As  a  question  miffht,  however, 
arise  on  the  thermometers  I  employed,  from  their  being  without 
a  minute  graduation  or  a  nonius,  I  shall  beg  simply  to  dve  you 
the  result  of  the  experiment  made  at  the  viUage  of  the  oimplon 
on  the  evening  of  the  15th  August  last,  with  Capt.  B.  Hall.  The 
bulb  of  the  thermometer  maintained  in  contact  with  the  vapour 
of  water  in  ebullition  indicated  a  temperature  of  201*6^,  corre- 
sponding with  24*45  inches  of  the  oarometer,  and  equal  to 
6,400  feet  altitude,  being  an  excess  of  577*75  feet  above  the 
barometrical  height  observed.  Moreover,  there  should  be  a 
compensation  for  the  expansion  of  the  thermometric  bulb ;  and  if 
it  be  true,  agreeably  to  the  experiments  of  M.  Qay-Lussac  + 
(though  these  have  been  questioned  in  some  recent  researches), 
that  water  boils  at  a  lower  temperature  in  metaUic  than  in  glass 
vessels,  some  note  should  be  taken  of  this,  and  these  circum- 
stances would  increase  the  excess.  I  thihk  a  metallic  scale  from 
its  expansion,  unfavourable  to  accuracy  of  result. 

I  can  conceive  two  causes  operating  against  the  resists  we 
would  willingly  accept.  One  of  these  is  an  interim  change  of 
density  in  the  atmosphere.  It  would  then  require  the  compen- 
sation of  the  barometer,  an  instrument  it  viras  intended  to 
'  supplant.  A  series  of  experiments  should;  therefore,  be  made  to 
inoicate  on  the  level  of  tne  sea  the  points  of  ebullition  for  the 
barometrical  range,  and  the  degree  of  ebuUition  on  the  given 
height  again  compared  with  contemporaneous  observations  on 
the  level  of  the  sea,  or  other  well  ascertained  position  as  noted  by 
the  barometer.  This  would  not,  however,  slccount  entirely  for 
so  enormous  a  difference  which,  on  the  great  St-  Bernard, 
amounted  to  about  1000  feet.  The  hygrometric  state  of  the 
medium  strikes  me  as  the  chirf  cause.  Dew  forms  only  in  the 
valley,  not  on  the  mountain  top ;  and  experiment  has  amply 
confirmed  the  extreme  siccity  of  the  atmosphere  at  great  eleva- 
tions. By  providing  Uie  rarified  medium  with  an  absorbing 
material,  Frofessor  Leslie  has  ingeniously  and  beautifully  effected 
the  congelation  of  water.    By  a  parity  of  reasoning,  we  infer 

«  Dr.  Schow  if  one  of  the  icientiSc  gentlemea  employed  by  order  of  the  Kio^ 
of  IXeomarJu    Hii  departnent  ii  the  deiermioation  of  the  g^ogrftpbical  pmiiion 
of  plants,  so  ably  begun  by  Baron  de  Humboldt.    To  his  unwearied  and 
mitting  exertions  I  cheerfully  pay  my  tribute  of  admiration.  

f  Any  opposition  to  the  expcrimenU  of  this  ?ery  acute  obserrar 
reeelfed  with  aU  due  caatioa. 


.     / 
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the  converse  of  this^  and  which  I  shall  forthwith  make  the  sub- 
Ject  of  experiment.  Under  snch  circumstances,  the  march  of 
tiie  hygrometer  must  be  noted,  and  this  instrument  will  become 
an  indispensable  accessary.  At  inconsiderable  heights,  this  will 
not  make  a  notable  difference  ;  but  at  great  altitudes  the  amount 
will  be  materisJ.  Hence  ^e  results  of  the  Rev.  Mr.  Wollaston's 
iiiteresting  researches. 

I  should  like  to  know  whether  the  temperature  of  snow  has 
been  observed  to  maintain  any  ratio  with  its  altitude*  In  cross- 
incr  the  Boeketta,  I  found  the  temperature  of  the  snow  to  be 
3(r  Fahr.  On  the  8th  of  January  last,  at  10  o'clock,  a.  m.  the 
snow  about  1600  feet  lower  than  tne  station  of  the  Grande  Croix^ 
on  Mount  Cenis,  was  2S9  Fahr.  At  the  Grande  Croix  at  1 K 
30',  a.  m.  the  temperature  of  the  atmosphere  was  22^,  while 
that  of  the  snow  was  21^  Fahr.  The  question  is  at  least  inte- 
resting.* 

It  has,  I  know,  been  presumed,  that  animal  heat  continues 
uniform  in  an  exdtation  of  temperature ;  and  Mr.  Brodie  has 
ascribed  its  production  to  the  operations  of  the  brain,  which  had 
hitherto  been  supposed  referable  to  the  actfon  of  the  lun^ ;  bat 
Dr.  John  Davy  round  a  difference  of  about  one  degree  of  excesg 
in  tropical  climes. 

In  the  Stoffa  San  Germano,  on  the  border  of  the  Lago  Agnano, 
near  Naples,  I  found  the  animal  temperature  to  be  102^  Fahr.; 
the  memum  was  110^.  I  remained  nere  nearly  half  an  hour  io 
examine  chemically  the  nature  of  this  subterranean  vapour,  so 
that  the  excess  cannot  be  entirely  ascribed  to  a  sudden  trsuisi- 
tion.  The  thermometer  held  in  the  aperture  through  which  the 
sulphureous  vapour  entered,  exhibitea  a  temperature  of  not  less 
than  160®  Fahr.f  It  enters  by  jerks,  whicn  was  well  demofi- 
flitrated  by  corresponding  oscillations  of  the  mercury  in  the  ther- 
mometer. The  air  in  the  chamber  was  extremely  dry,  and 
LesUe's  hygrometer  J  completed  its  range  of  80°.  I  think  I 
have  not  been  deceived  in  noting  the  animal  temperature  on  the 
Simplon  ^d  Mount  Cenis  at  a  decrement  of  several  degrees, 

I  have  the  honour  to  be,  Sir, 
Your  very  humble  and  most  obe(hent  servant, 

J.  MUBBAY. 

» 

*  From  the  nonconducting  powers  of  snow  with  respect  to  caloric,  it  MiflitBt 
least  afford  an  equable  n>ean  of  determining  the  medium  temperature  on  given 
altitudes. 

^  f  I  remember  Mr.  Dayen  port's  experiments  on  boiling  tar  interested  me  at  the 
time.  I  placed  my  hand  in  the  elevated  temperature  for  some  time  witliottt  siifferisg 
the  least  inconvenience,  and  so  long  as  the  epidermis  vras  free  from  moUiure, 

I  I  have  found  this  instmment  among  the  Alps  a  most  valuable  acquisition.  Io 
the  morning  before  I  pursued  my  journey,  if  tbe#e  was  no  evaporation  indicated, 
or  only  a  few  degrees  of  fall,  1  conld  always  amcbidewith  €onJUenc9an  ruim  daring 
the  day.  - 
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[I.  Meteorological  Observations  at  (Jork.    By  T,  Holt,  Esq. 

(With  a  Plate.    S^  XCIII.) 

(To  Dr.  Thomsoo.) 
SIR,  Corki  Feb.  S,  1819. 

TRANSMIT  you  the  meteorological  scale  and  journal  for 
L,  kept  during  the  last  quarter  of  1818 ;  as  also  a  summar 
ly  observations  for  the  wnole  year. 

I  have  the  honour  to  be,  Sir,  with  due  respect, 

Your  very  obedient  humble  servant, 

Thomas  Holt. 


REMARKS. 


OCTOBBR. 


'air;  shower. 

[isty;  rain. 

)air. 

,  6.  Fair  ;  tome  sbowen. 

'air. 

Wr. 

air;  claady. 

tiowery. 

Iiowers  of  hall  I  windy. 

iale ;  heavy  rain. 

L  Showery;  windy. 

air;  occaiional showen. 

r.  Bright  days. 

>iUo;  windy. 

londy  ;  rain. 

bowery;  demefoi^ 

ty;  cloudy. 

ain. 

^  25,  26.  Dr^,  cloudy  days, 

aioy. 

»ry;  cloody. 

air;  someibowen. 

lowery. 

air. 

NOVEMBER. 

,  Dry;  cloudy. 

air ;  rainy  evening* 

og;  fine  day. 

right;  frost. 

rost;  fair  and  windy. 

Dry;  overcast. 

),  II,  12.  Rainy. 

lowery. 

ftir;  occasional  sbowen. 

iir;' rainy  evening. 

.  Fair. 

ifty. 

tsty;  liettvy  fain  Slid  wind. 

lowery. 


21.  Fair;  some  showeti. 

82.  Fair ;  heavy  gale.  With  rain, 

89.  Fair;  someshowefi. 

24.  Bright  day. 

26.  Showery,  with  wiad. 

26.  Fair. 

27.  Showery. 

28.  Misty ;  overcast. 

29.  Dry  ;  cloudy. . 
9(K  Showers. 

DBCBIlBfiR.    . 

1.  Showers. 

2.  Frostf  dear  I  wind. 

3.  Frost;  fair. 

4.  Dry;  cloody. 

6.  Frost ;  showerr ;  wind.  - 

6.  Fair ;  rain  and  wind* 

7.  Showery. 

8.  Briglit. 

9.  Dr}';  cloudy. 

10,  II,  12.  Cloudy;  bwexe. 
13.  Cloudy;  light  skowers. 
I4«  Bright;  frosty  night* 

15.  IMtto;  rainy  evening. 

16.  Bright. 

17.  Cloudy. 

IBf  Heavy  rain  and  wind  t  clear  after«> 
noon.  .    . 

19.  Showery.. 

20.  Dark,  misty  day. 

21.  Dense  fog  in  Cork ;  but  clear  and 

bright  OB  tbo  hills. 

22.  23.  Misty ;  light  showers. 

24.  Dry;  cloudy. 

25.  Showers;  rain  and  wind. 

26.  Showery. 

27.  Dry;  cloudy. 
2S.  Cte4r  day. 

29,  SO.  Dry;  clovdy. 
31.  Fair;  brigM. 
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4-362 

97 
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firl26 
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SUMMARY  OF  1818.*  *'      '* 

Bftronieter  (hill)  HIriiMt point,  Dec. 98.    Wind  K.'d.l^^ ^-08in. 

Lowcit |K»int, Marcli  5.     Wind  8.'W..'i...i..'i 'itt^BS   " 

Mean  of  365  obsermtiont ;«J....i».i.  •*%.  28i4fi    '- 

(town)  Hlgkeit,  Dec  99.    Wind  £ 30*67 

Lowest,  March 5.    Wind  S.W. .... .^ .,....•.. i^* ••  •  98*00  . 

B|€Mof865olMCrvatlo9B...»....«..:....V .V  99«49 

TbtnMneter.  HIghctt.  Jnly  16.    WlndS.W.. ,*.^  8e*00» - 

Loweit,  Feb.  4.    WlBdW.8.W 17*00 

Mean  of  533  observmionA ^ ^ ~..^.  4|hl8 

Rainlnl8)8 «..  38*037  inches. 


Wind. 

E 

W.... 

8 

N..... 
8.E... 
8,W.. 
K.E... 
N.W.. 
Var.. 


Preyailing  wlaAl-8.W« 


...56 
.;.  69 

...  49 
...  J9 
...  93 
;..  69 
...  93 
...48 

,:.^ 

365 


Bright  days ..\ i....  118 

Dry,  cloudy 19 

Showery ..« .4 « w . .v.t..  •••  ^j^wiw .  '99 
Raioy,......,,...^..     \,.^.^^,.    ii 


Variable. 


1    .^■  f- 


XIIL  Inquiry  respecting  a  'Meietmc  Phenomenon  described  Int 

"^  Dr.  Clarke.  = 


.■»■ 


-,'' 


,  (To  Dr.  Thpifuon.) 

SIR,  ^  ^^^»^}  ^«*-.^^  1^^. 

In  Dr.  £.  I),  Clarke's  amusing  volume  of  travels  in  Scandinavia, 

a  phenomenon  is  described  wmch  seems  rather  4o  border  «pon 

impossibility.     As  theaudior  is  an   occasional  contributor  to 

your  pages;  he  will,  perhaps,  be  Igud  enough  to  iuriush  a  fuller 
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explanation  of  the  passaEe  than  appeared  to  him  neceSaary  in  ft 
work  intended  for  generd  circulation.  I  am  far  from  wishingto 
msinuate  that  the  Doctor  allows  himself  the  traveller's  licence, 
but  camiot  help  observing  thai  the  circamstance,  as  it  is  stated 
in  his  work,  is  calculated  to  tty  the  faith  of  his  readers  to  the 
utmost. 

The  passage  to  which  I  allude  is  the  account  of  the  appeap- 
ance  of  the  moon,*  as  observed  by  him  on  the  road  from  Toraea 
to  Kiemi,  at  p.  487.  After  having  described  the  oval  appear- 
ance of  the  moon's  disc,  he  proceeds  : 

"  This  changeful  scenery  still  continued,  varying  at  every 
instant :  at  last  there  ensued  a  more  remarkable  appearance 
than  any  we  had  yet  witnessed.  The  vapours  dispersed,  and 
all  the  rolling  clouds  disappeared,  excepting  a  belt  collected  ia 
the  form  of  a  ring,  highly  lumtnouB,  around  we  moon,  which  now 
appeared  in  a  serene  sky,  like  the  planet  Saturn  augmented  to  a 
size  60  times  greater  than  it  appears  through  our  best  telescopes. 
The  belt  by  which  the  moon's  rays  were  reflected,  became, 
beyond  description,  sjJendid,  and  the  clear  sky  was  visible 
between  this  belt  and  the  full  fair  orb  which  it  surrounded. 
Certainly  if  the  same  phenomenon  had  been  visible  in  England, 
the  whole  coimtry  would  have  been  full  of  it  from  one  end  of 
our  island  to  the  other." 


'In  rea<Ung  this  passage  nothing  'remarkable  is  obsen-ed;  f<» 
it  is  easy  to  conceive  that  a  circle  of  clouds  may  have  been 
formed  through  which  the  orb  of  the  moon  was  visible,  as  repre- 
sented in  fig.  1. 

But  as  descriptions  in  words  whether  "  demissa  per  aurem" 
or  on  paper 

*•  SrsniM  irriunt  aninoi 

Quwn  quK  tnnl  oculia  tubjeclaSAritbM'*    ' 

(viz.  drawings) ;  and  as  Dr.  Clarkfe  has  accom^^ied  his  descrip- 
tion with  a  wood-cut,  which  places  the  matter  in  a  point  of  view 
entirely  diiFerent,  I  intend  on  this  cut  to  found  ray  objections. 

Figure  2  is  a  copy  of  the  representation  which  the  Doctor  has 
given  of  this  phenomenon.     Kow  it  is  evident  that  to  produce  , 

•  The  application  of  (h«  term  "planet"  lo  the  moon,  at  p.  485,  It,  I  lltink, 
of  doubtful  aulkolil;,  and  iliould  have  been  rrjecled  by  th«  philotophic  Clarke. 
Accoiding  lo  ihii  ne*  nomenclainre,  the  salelllln  of  Jupiter,  of  Salurn,  and  of 
Mrann*,  oreall  planeU)  however,  "  de  minii^U  non  carat  lex," 
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this  appearance,  the  eye  (which  in  fig.  1  is  supposed  to  view  the 
cloud  in  a  direction  perpendicular  to  the  plane  of  the  circle)  most 
be  60  placed  that  the  visual  rays  may  be  acutely  incUned  to  the 
plane  of  the  cloud ;  also  that  the  cloudy  if  I  may  be  allowed 
the  use  of  an  expression  so  awkward,  must  pass  quite  round  on 
the  other  side  or  the  moon  ;  that  is,  on  the  side  at  the  greatest 
distance  from  the  earth ;  and  this  I  hold  to  be  impossible  on 
the  following  erounds  :  Wherever  there  are  clouds,  there  must 
be  an  atmospnere  to  support  them.    The  atmosphere  of  the 
earth  does  not  reach  to  the  moon;  and  even  allowing  that  it  did, 
the  clouds  which  surround  this  planet  do  not  extend  so  far  from 
its  surface  as  the  orbit  of  the  moon  is  distant.     The  cloud 
observed  did  not  exist  in  the  atmosphere  of  the  moon,  inasmuch 
as  no  telescope  that  I  ever  heard  of  could  detect  such '^things, 
and  this  appearance  was  perceptible  to  the  naked  eye.    From 
these  considerations,  we  may,  i  think,  infer,  that  the  cloud  did 
not  exist  on  the  fuHher  side  of  the  moon ;  and,  therefore,  Ihs^ 
there  could  be  no  such  appearance  as  that  described  by  Dr. 
Clarke. 

Let  us  now  consider  what  would  have  been  the  appearance  tA 
the  cloud,  supposing  it  actually  to  encircle  the  moon  ia  the 
direction  of  tne  horizon.  The  moon,  as  we  may  jud^e  from 
Dr.  Clarke's  representation,  was  at  the. full,  and  theluminoos 
appearance  of  the  cloud  was  derived  from  ber  light*  But  the 
half  of  the  moon  most  distant  from  the  earth  would  not^  in  this 
situation  of  circumstances,  have  been  illumined  by  the  6un,  and 
could,  therefore,  reflect  no  li^hl  on  the  adjacent  part  of  the 
nebulous  circle.  The  further  half  of  the  n&g  wodm  thus  not 
have  been  hmdnous  ;  in  other  words,  it  wotdd  likv^^bleen  invi- 
sible. 

I  have  only  further  to  observe,  that  if  Ae  moon  had  really 

been  surrounded  by  a  circle  of  cloud,  and  if  it  had  been  so 

viewed  that  the  plane  of  the  cloud  produced  passed  thix)ugh  the 

eye,  the  appearance  would  have  been  as  in  figl  3.     Now  nolhiog 

is  more  common  than  to  see  a  strait  band  o?  cload^  such  as  in 

Mr.  Howard's  nomenclature  is  called  a  Cirrostrutus^  stretchii^ 

across  the  disc  of  the  moon.    Such  an  appearance  is  desciiM 

by  Dr.  Clarke  himself,  at  p.  486,  where  he  says,  that  the  mooo 

appeared  as  if  divided  into  two  parts.    We  aife  perfectly  familiar 

with  such  appearances  in  this  chmate,  ytet  nobody  ever  supposed 

that  they  are  Caused  by  circles  of  cloud  viewed  in  a  partidular 

direction.    Indeed  if  this  is  the  case  with  the  Doctor,  he  has 

made  a  most  unwairantable  assumption,  the  grounds  of  which 

he  can  best  explain.    If  this  was  not  the  appearance  of  the  moon, 

as  viewed  by  Dr.  Clarke,  I  can  only  account  for  the  phenomenon 

by  supposing  it  such  as  is  represented  by  fig.  I.     In  either  case, 

the  Doctor  must  have  taken  the  Uberty  of  supposing  the  point  of 

view  altered  in  order  to  produce  the  appearance  of  Saturn,  with 

a  representation  of  which  he  has  treated  bis  readers  in  fig.  2. 
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If  you  do  not  consider  the  matter  as  too  trivial  to  occupy  a 
pla^e  m  the  Annah,  I  dhall  feel  obliged  by  your  affording  mean 
'opportunity  of  meeting  with  an  explanation,  and  am,  Sir, 

Your  most  obedient  serva^, 

^"  S. 

Xiy.  Notice  of  an  Annular  Eclipse  in  the  Thirteenth  Century. 

oy  the  Rey.  Jtoies  Yates,  M.G.S. 

(To  Dr.  TbomsoD.) 
SIR,  Birmingham,  May,  1819. 

The  learned  and  curious  observations  of  Mr.  Francis  Baiiy 
upon  the  annular  eclipse  of  the  sun,  which  will  take  place  in 
Sieptember,  1820,'*''  induce  me  to  think  that  the  following  notice 
of  one,  which  was  seen  in  the  same  quarter  of  the  globe,  may  be 
interesting  to  some  of  your  readers.  The  passage  occurs  in 
^'  The  Norwegian  Account  of  Haco's  Expedition  against  Scot- 
land,'' first  published  in  the  original  Islandic,  with  a  literal 
English  version,  by  the  Rev.  James  Johnstone,  A.D.  1782- .  I 
extract  both  the  original  Islandic^  and  Mr.  Johnstone's  Engtiisih 
translation. 

**  ^^;^r  Hakon  Konongr  \k  i  Rognvakvagi  dr6  myrkr  mikit  k 
86Iin3,  sva  at  Htill  biingr  var  biartur  um  861ina  utan,  ok  hellt  ^ 
▼i  nockora  stund  dags."* 

Id  est^ 

. ''  Wiple  King  Haco  lay  in  Ronaldsvo  a  great  darkness  drefw 
over  the  sun,  so  that  only  a  little  ring  was  bright  round  the  suxi^ 
and  it  continued  so  for  some  hours,'' — P.  44,  45. 

Haco  invaded  Scotland  in  the  year  1263 ;  he  sailed  with  his 
navy  into  Ronaldsvo^  which  appears  to  have  been  the  name  of  a 
bay  or  harbour  in  South  Ronaldsay,  one  of  the  Orkney  islands, 
some  time  '^  after  St.  Olave's  wake  ;t ''  and  he  quitted  Ronaldsvo 
"  on.  the  day  of  St.  Lawrence's  wake."  J  These  two  days  corres- 
pond to  July  29  and  Au^st  9,  which  fixes  the  time  of  the  eclipse 
i{rith  considerable  precision,  and  shows  it  to  be  the  same,  which 
is  marked  in  catalogues  as  having  happened  on  Ai^*  5,  1263. 
Had  this  account  been  published  at  an  earlier  period,  it  might 
l^ive  supplied  in  some  degree  the  long  chasm  remarked  by 
Maclaurm,  who  says,  that  Kicciolus  in  his  Catalogue  mentions 
no  annular  eclipse  from  the  year  334  to  1567.§  In  the  last 
edition  of  the  "  Art  de  'oerii^er  t^  Dates/'  A.D.  17o3,  this  eclipse 
is  marked  as  annular.  The  expression  ^^it  continued  so  for 
some  hours,'^  must  be  understood  to  meau  only,  that  the  obscu- 
ration of  the  ^un  continued  for  some  hours. 


•  jtnnals  0/  Philosophy  for-Sept.  and  Oct.  1818. 

Norw^giaa  Accoi^t,  &c.  p.  43. 

Page  47. 
^  Phil.  Trans,  vol.  zi.  p.  195. 
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ARTiCLf  IX* 

Magnetical,  and  Meteorological  ObHrvations. 
By  Col.  Beaufoy,  F.R.S. 

^ushey  Heath,  near  Stanmore. 

liAtUiide  5P  37'  42"  North.    Longitude  West  in  time  1'  ft^T. 
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Magnetical  Observations,  1819,  —  Variation 
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•^^^ 

— . 

_ 

^   — 

6 

8    95 
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35 
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35 

24 

34    28 

■r     .       ^ 

'  8    40 
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25 

24 
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6 

40 
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« 

9    40 
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45 

24 

34    55 
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84    35    48 
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55 
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Meteorological  Observalio/a. 


Uoalh. 

Time. 

Burom. 

Ther. 

H«. 

Wind, 

Velocity 

Wealher. 

9\x't. 

April 

Inche.. 

Feel. 

— — w 

Morn.... 

Bfl-TOO 

51" 

50° 

WbyS 

Fine 

47' 

SB-7iO 

60 

40 

Whys 

Hoe 

61 

Even  .... 

»9-7IU 

5S 

47 

W 

Fine 

I** 

Mom.... 

89'T03 

51 

W 

Fine 

fi 

Ndo 

9i 

EvM.... 

Morn.... 

99'S9« 

68 

43 

SW  byS 

Very  fine 

i  4T 

3) 

Noon.... 

ag-Ms 

60 

37 

W 

Very  floe 

63 

E«».... 

89-546 

58 

36 

NNE 

Very  line 

i*34 

Morn... 

S9'G)96 

47 

55 

F.SE 

Clondy 

4. 

Nooi..... 

adsna 

S8 

4(1 

SC 

Cloudy 

m 

B-ren.... 

!9fl53 

54 

45 

NW 

Cloud  V 

Mom.... 

iS'eeg 

48 

49 

N 

Very  fine 

^1 

Noon.... 

89fln 

34 

37 

NE 

Very  fine 

55i 

E«li.... 

— 

Mora..,, 

89-463 

44 

44 

KSE 

Fine 

1  37 

^ 

39-3*5 

53 

39 

E 

Fine 

U 

.'Even.... 

99-«65 

47 

48 

Eby  8 

Cloudy 

Mora,... 

9e-8tw 

45 

Ebv8 

Very  One 

[■"* 

7- 

Nona..,. 

i9-H3 

59 

35 

ESL 

Very  fine 

)*"* 

Even.... 

»9-«0 

58 

41 

ESE 

FLiio 

Mora..., 

29-3iW 

09 

WNW 

Rain 

(*8t 

H 

N'oun.... 

Rain 

53i 

E«o.,.. 

89458 

52 

78 

NW 

Fine 

Morn... 

89-558 

48 

58 

NbyE 

Very  Goe 

\m 

9 

Wood  ... 

e9-M5 

54 

47 

NW 

ClonJ, 

55 

E»ea.... 

89-570 

58 

45 

N  by  W 

Cloudy 

Morn.... 

1i9-560 

47 

45 

S  by  W 

Very  fine 

I  ^' 

10 

Noon.... 
Even.... 
Morn.... 

29-463 

56 

40 

V^r. 

Very  Sue 

60 

88-813 

46 

77 

Wby  S 

f(ai~. 

^41 

11 

Naon,... 

g8-9IO 

54 

44 

vaW 

Showery 

561 

(401 

l 

Ev^o..,. 

28-871 

51 

44 

88  W 

Clondy 

Mors.... 

28-85!) 

,  43. 

70 
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Onin 
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Soon.... 

47 

EVCB.... 

88-812 

'   47 

99 

NE 

Uiztle 

i  4T 

Morn.... 

28-760 

to 

87 

E 

Eala 

13. 

Koon.... 

28-600 

65 

W 

Cloud, 

531 
F40 

Even.... 

23-fl31 

4J  . 

54 

51 W 

TJHinder 

Morn.... 

S9-0iW 

47 

^ 

Sby  W 

Fine 

14 

Nnnn.... 

8fl(«0 

54 

45 

Hnll 

56 

Eveo 

S8-9T.i 

,S 

,47 

SSE 

Fine 

IS 

Morn.... 

28-964 

61 

WSW 

Fine 

Soon.... 

38-9a3 

a 

41 

S8W 

Fine 

Mi 

Even..,. 

28-9.70 

41 

SSE 

Cliiudy 

IB 

IBorn.... 

88-834 

■IS 

65 

Sby  W 

Slii.wory 

J  441 

PfoOD..,. 

SS-706 

59 

48 

SV/  by  8 

■„loudy 

5> 

Even    .. 

n 

Morn..,. 

S8»00 

45 

56 

S3W 

Hail 
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88-967 

5S 
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54 
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88-988 

47 

45 
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29-182 

47 

43 
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Verr 

IB 
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89-aiO 

68 

40 

sw 

Shoi 

Even..,. 

89-853 

47 

50 

WbyS 

Shot 
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Meteorological  Observations  continued. 


MoDth.      TUne. 


«T' 


Mora.,,. 
NooB. . . . 

£▼€0  •  •  ■  • 

Noon .... 

Mora.... 
NooD.  • . . 
Eveo .... 
Morn,..  • 
Noon. ... 
Even  .... 
Mora.*. . 
Nooa« • • . 
Even  • . 
Mora .  •  •  • 
Noon.... 
Evea .... 
Mora.*. . 
Nooa,  • . . 
Evea*... 
Mora*  • .  • 
Nooa. • • . 
Evou... . 
MorB«  •  • . 
Noon.  • . . 
E?en  •  • . . 
Mora***  • 
Noon**** 
Etoo  •  • • * 
Mom*  ■  •  * 
Nooa»«*  * 
Even  .  •  *  * 
Morn*  • . . 
Noon • • • * 
£▼€0  •  • . . 


Barom. 


lachoL 
89-354 

29-sa^ 

89-380 
89-838 

89-885 
89-179 
89*800 
89-843 
89:375 
89*430 
89-430 
89*394 
89*867 
89^17 
89*103 
89*105 


89*856 

44 

89-368 

44 
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48 

89*600 

46 

80*671 

51 
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43 

89*664 

45 

89-700 

48 

89*730 

48 

89*733 

46 

89-753 

54 
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47 

89*600 

50 

89-588 

59 

89*580 

46 

89*469 

47 

89*446 

55 

89*410 

50 
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450 
54 
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53 

54 
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58 
49 
45 
45 
45 
45 
48 
45 
47 
47 


Hy«. 


71 
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58 

66 

60 

45 

70 

59 

58 

61 

51 

55 

88 

75 

85 
73 
53 
48 
33 
41 
84 
31 
34 
33 
88 
38 
34 
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84 
31 
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8W^  W 

WNlV 

K 

NE 

NE 
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£ 
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E 
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£ 

8E 
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£ 

8 

SE 
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Velocity. 


Feet. 


Weather. 


S\x\ 


Cloady 
Cloudy 
Rain 
Cloady 

Showery 
Showtry 
Showery 
Fiao 


Cloady 
Cloady 


Cloady 
Showery 
Raia 
Raia 

Rain 

Rata 

Fine 

Fine 

Fine 

Clear 

Fine 

Veryine 

Clear 

Hasy 

Fine 

Fine 

Very  fine 

Very  fine 

Very  fine 

Pine 

Fine 

Very  fine 


36} 

ss 

«» 
(*' 

49i 
47 

i" 

53 
>35 

50 
J36i 

56} 
Js9i 

56i 

\m 

50 


Rain,  by  the  pluviameter,  between  noon  the  1st  of  April 
and  noon  the  1st  of  May  2*468  inches*  Evaporation  during 
the  same  period  3*44  inchss. 


19.]  Mr.  HomrfiUetarvk^mlTaUe. 

Articuc  X. 
JJETEOROLOGICAL    TABLE. 


"Tm" 

— 

IS  19. 

Wild. 

Max. 

Mln. 

rati. 

Msi. 

Mil. 

Med. 

Rain. 

Sd  MoJ 

Mar.  19 

Var. 

29-50 

2921 

29-355 

51 

38 

44-5 

90 

16 

• 

20 

N   W 

2975 

2950 

29-625 

46 

37 

41-5 

65 

21 

N  W 

29-80 

2975 

29-775 

48 

32 

40-0 

59 

22 

N  W 

2980 

2970 

29  750 

53 

35 

44-0 

63 

23 

S 

-2970 

2949 

39-595 

51 

42 

46-5 

61 

__ 

2+ 

s   w 

29-61 

2949 

29-555 

5S 

44 

51-0 

77 

_ 

25 

s  w 

29-a5 

29-6* 

29725 

55 

37 

46-0 

67 

^ 

2b 

w 

■jg-90 

29-85 

29-875 

51 

40 

47-0 

68 

__ 

27 

s  w 

2990 

29-73 

39-815 

35 

46 

500 

59 

59 

2S 

s   w 

2977 

29'68 

29725 

54 

46 

500 

85 

29 

s   w 

29-96 

39-67 

29-815 

57 

43 

500 

67 

30 

s  w 

30-07 

29-96 

30  015 

58 

50 

54-0 

69 

S 

31 

s  w 

30-18 

30-or 

50125 

59 

47 

55;0 

69 

Atb  Mo, 

April    1 

w 

30-20 

3015 

30-175 

62 

48 

550 

61 

« 

w 

30-15 

3005 

30100 

68 

36 

52-0 

66 

0 

3 

N 

30-17 

29*99 

30-C8O 

68 

43 

55-5 

67 

4 

E 

30-17 

30-07 

30-120 

60 

3S 

49-0 

61 

5 

N'   E 

30  06 

29-9* 

30000 

60 

29 

44'5 

61 

6 

3      E 

99-94 

2()-60 

29-770 

54 

43 

48-5 

60 

7 

E 

29-eo 

29-62 

29-710 

66 

46 

56-0 

60 

10 

8 

N  W 

30-00 

29-80 

29900 

58 

40 

490 

74 

93 

9 

N 

30-07 

29-95 

30-010 

61 

34 

47-5 

67    ■ 

10 

W 

29-9i 

29-35'29-650 

64 

40 

52-0 

66 

i 

11 

s  w 

29-35 

29-27|29-310 

60 

37 

48-5 

66 

t« 

12 

N     E 

29-30 

29'i2i29-710 

50 

43 

46-5 

74 

35 

13 

Var. 

29-48 

29- 12,29-300 

58 

40 

4.9-0 

85 

3 

14 

S    W 

29-4.8 

29-3()29-390 

60 

42 

51-0 

74 

15 

s  w 

29  40 

29-(>3,-29-2J5 

60 

45 

52-5 

76" 



16 

s 

2g-40 
30-20 

a9-03:29-2l5 

58 

44 

51-0 

68 

45 

29-03I29738 

6s 

_??_ 

49-20 

6S 

2-23 

The  olnerTBtloD.  Id  cafb  Itae  of  the  table  apply  to  a  period  qf  iweUy-fow 
■oun,bcKlDiili)g  at  9  A.  M,  os  the  day  Indicated  in  tk«  flni  tiHaiui.  A  ink 
*«t^  thMtter«iltfil»cl.B*«*Utb«MiifoUowiiiiobter«tlwr^ 
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REMARKS. 

Third  MonUu — 10.  A  moderate  gale  at  SW  io  the  early  morniog,  with  mock 
cloud  carried  by  the  wind.  About  1 0»  the  wiud  changing  saddenly  io  NW,  the 
whole  inast  of  cloud  to  the  southward  became  an  immense  Nimbut^  the  base  reacb- 
ing  from  the  8W  to  the  NE,  with  a  lighter  sky  visible  lieyood  i  at  the  MmetMne 
precipitation  was  going  on  overbeadi  and  we  had  sdov  m  lomrt  Aower  miogled 
with  hail :  the  whole  ended  In  a  uniform  veil  of  Cirro9traiu»^  and  M  night  we  ind 
the  SW  wind  again  pretty  strong.  SO.  The  wind  changed  again  io  NW,  ■.«. 
with  much  cloudy  and  some  drops  of  rain.  SI.  Fine  day :  a  smart  breeiefirsM 
II W.  SS.  Fine  day.  88.  A  trifling  shower.  S4.  Wet,  wind,  morning  t  fidrdty. 
S5.  A  shower  with  hall  at  mid-day  :  a  large  Ximbus  puacd,  and  a  distant  pal  of 
thunder  was  heard  to  the  NW.  86.  Chiefly  Camulos/rc^as  :  a  very  llttltiBio, 
p.m.  87.  Windy,  with  mnch  cloud«  and  two  or  three  ^towers.  88.  Cloadj:a 
gale  through  the  day.  89.  Cloudy.  30.  A  rainbow  at  nine,  a.  n.  s  squally,  wlA 
showers :  the  bow  again  twice  about  three,  p.  m.    31.  Clondy :  tome  drops  of  nio. 

Fourth  Months — ^8.  A  lunar  halo  at  nighty  of  large  diameter,  and  colonrlen:  it 
was  sensibly  elliptical,  the  longer  diameter  being  the  perpendicalar ;  it  cootiooed 
two  or  three  hours.  3.  Large  (irriy  Yt'ith  CumuU:  moch  dew:  very  fine  dij, 
4.  Cumutostratus*  5.  Fine  momiog ;  the  hoar  frost  remained  at  seven,  a.  m.  os 
some  tufttt  of  Saxifraga  otfspifofa,  &c.  (as  heretofore  noticed)  long  after  it  bad  dif> 
appeared  elsewhere  in  my  garden  ;  proving  that  the  warjiith  which  melted  it  ctne 
In  great  part  from  the  earth.  6.  Large  plumose  Ck'iW,  with  drrostrmtui,  ^m, 
7.  The  maximum  of  temperature  for  the  past  S4  hours  at  nine  this  morning:  thah 
der-cUuds  ensued,  which  soon  passed  to  a  quiescent  mixtar^  of  diff*erent  modiici- 
tions,  and  rain  came  on  at  evening.  8.  Much  Cirr98traim^  with  pretty  beavy 
rain,  p.  m. :  at  evening  the  wind  changed  to  NW,  with  a  rainbow  and  a  turbid 
mixture  of  different  clouds.  9.  Fine,  with  Cmnulottraim :  wind  N,  p.  m.  II.  Tk 
clouds  this  eveniug  were  tinged  with  a  strong  lalce  colour,  on  the  l>ases  of  CutnA' 
Miraiiy  beneath  Cirnts :  some  rain  attended.  18.  Wet,  roost  of  the  day.  13.  Raio, 
a.m.  14.  Cumuloitrattu :  in  the  evening  streaks  of  Cirrus  from  SW  to  NE,  fol- 
lowed  by  wind  and  rain.  15.  Clouds  followed  by  rain  in  the  night,  as  befbiv. 
16.  After  a  fine  day  with  cloudf,  rain  in  the  early  morning. 

RESULTS. 
Winds  chiefly  Westerly. 

Barometer:  Greatest  height 30*80incheiL 

I-east i^9^ 

Mean  of  the  period    •••..  89*738 

Thermometer :  Greatest  height.  ..,•.,.. ngo 

Least : , 29 

Mean  of  the  period , ..♦.;....  49*80 

Mean  of  the  Hygrometer , •....  68^ 

Kain , ••••••«»•«•«»«••.  8*83  ladKk 

Evaporation 1*38  in. 
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Cooling,  on  the  laws  of,  xix,  171, 

Cooper,  Mr.,  on  the  penolphatet  of 
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German  ocean,  on  the  bed  of,  135. 
Germen,  on  the  direction  of,  2292. 
Gezaogabeen,  147. 
Gez, 147. 

Gibraltar  rock,  natnre  of,  22S. 
GIngoie  acid,  oo,  zlix. 
Glass,  specific  beat  of,  107. 
Gosport,  meteorological  journal  kept  at, 

447. 
Qrauville,  Dr.,  on  amalconfonoatioiisl 

the  uterine  system  in  women,  210. 
Greatorex,  Mr.,  on  the  barometriod 
.  measurement  of  mountains,  900. 
Grierson,  Dr.,  mineralogical  obserfi^ 

tions  in  Galloway  by,  65. 
Grotthuss,  Theodor  von,  on  anthrazo- 

thionic    acid,   39,     89— method   of 
.  separating  iron  from  manganese  by, 

50— on  a  combination  of  tarbooate 

and  hydrate  of  lime,  &7. 


Jmdae. 


4tt 


Gaibonrt,  M,,  ob  the  action  of  iro«  ob 
water.  68. 

H. 

Haay,  M.,  on  the  angles  of  crytialMp 
413. 

Heat,  on  the  laws  of  the  communication 
of,  112,  161,  241,  321— specific,  of 
solids  at  ditferent  temperatures,  xvi 
— of  soKds  aid  fluids,  463. 
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Hydrocarbonic  gas,  on,  xxviii. 
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Lothians,  137. 

Java,  remarkable  spring  in,  31^. 

Ice,  on  the  Greenland  and  polar,  62. 

Iceberg,  63. 

Ichthyosaurus,  fossil  found  nea^Whitby, 
379. 

Imatra,  rapids  at,  378* 

Ingenboosz,  Dr.,  on  the  scientific  writ- 
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Iron,  on  the  separation  of,  from  manga- 
nese, lix,  60— action  of  wafer  on, 
XXXV,  68 — carbonate  of,  68— cast, 
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sicJuietey  70.     .  .  ^, 

ty  <o«|noBy  effect  of^  cnjbt  lolabttlty 

of  nitre  iow^r,  IM.  .  . 
Saltpetre^  netlKMl  of  jfurity\ng^  -Ix-f  f 

coiistUacntf  of»  HS^    . 
SftpgiiiflcatioOf  oa  ibc  plMBDooirDa  offi 

Swrracenia  adimea,  pQwer  of,  to  entrap 

-|i|Mic4ft,  140.   . 
tennare,  Th.  de,  on  (he  decompoiition 
..«f»laxcii  by.Airand nr/MertGI. 
Say y  T.  Esq.,  on  the  Amaricaa  sea-snake, 

^5-«oo  ^HP  gems  ^siboe,  SSO. 

Scoiie«by,  JMr», .  on  tha  Oreepland  aud 

polar  ice,  62— op  an  aoooialy  in  the 

^jUFiatloD  of-  ibo  fiecdie,  observed  on 

ship.board,  8S0. 

Sea,  tempetatore  of^  boUom  of,  314, 

Selenium,  on,  zzix— discovery  of,    in 

Ibe-sulphorof  Fahlaoy  40U 
Serpents,  on  the  poisonous  fangs  of, 
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ERRATA  FOR  VOL.  XIII. 

Page  21 6, line  4  (from  bottom),  for  556o  read  656°. 
3  (from  bottom),  for  580°  read  680o. 
227, line  2,  foir  poles  read  ^nator. 
377,  line  Sand  iO  from  bottom, >br  CorhetbfMif  Oulivtb. 

442,  lines  from  bottom, /er 2  atom  rMd  1  atom. 

443,  line  fQ^for  eight  cubic  inches  of  oxygen  gas,  r§ad  eight  cubic  inches  ef 

sulpharons  add  gas. 
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PREPARING  FOR  PUBLICATION, 

By  Baldwin^  Cradock,  8f  Joy. 


I. 

THE  FLORA  OF  THE  BRITISH  ISLANDS ;  comprehend- 
ing  the  wild  Plants,  and  those  generally  cultivateij  in  the  Fields ; 
arranged  according  to  the  natural  System  of  Jussieu,  Decandolle,  and 
the  modern  Botanists.  By  Samuel  Frederick  Gray,  Apothecary, 
LeT;turer  on  Botany  and  the  Materia  Medica,  and  Author  of  the 
Supplement  to  the  Pharmacopaeias.    2  vols.    8vo.     With  Plates. 

*«*  Several  Floras,  some  cooiplete,  as  those  of  Hadson  and  Witheridgi 
others  incomplete,  as  those  of  Symoos,  GalpiDe,  Smith,  Hull,  and  Salisbury, 
have  been  published ;  but  all  on  the  Linneao  artificial  System.  At  present  the 
natural  System,  sketched  out  by  Lobel  and  Morrison,  improved  by  Ray,  and 
still  further  improved  by  the  labours  of  Jussieu  and  DecandoUe  in  France, 
Browne  and  others  in  England,  begins  to  acquire  a  preponderance  over 
the  Lioniean  System ;  but  no  Flora  has  yet  been  published  upon  that  Plan. 
It  is  therefore  proposed  to  publish  one,  upon  this  System,  in  the  English  Lan- 
guage, with  every  possible  Improvement,  consistent  with  the  intended,  size  of 
the  )¥ork.  The  introductory  Part,  and  Cryptogamous  Plants,  will  occupy  tho 
first  Volume ;  the  Phenogamous  Plants  the  second. 

The  Introductory  Part  will  be  comprehensive,  on  the  Plan  of  Withering's,  that 
the  Book  may  be  a  complete  Work  on  Botany,  not  requiring  the  Purchase  of  aa 
Introduction  to  explain  it.  It  will  be  accompanied  by  Plates,  some  of  thera 
entirely  new. 

IL 

COUNTER-POISONS;  or,  the  Mean?  acknowledged  as  most 
effectual  in  the  different  Cases  of  Poboning,  familiarized  to  Persons 
strangers  to  medical  Science  ^  followed  by  Notice  of  the  Succour  to 
be  given  to  the  drowned,  in  Cases  of  Asphyxia  and  new  born  Infants; 
to  Persons  bitten  by  rabid  Animals  and  Serpents;  to  those  stung  by 
venomous  Insects ;  and  the  Precautions  to  be  taken  in  Cases  of  ap- 
parent Death.  By  H.  Chaussier.  Translated  from  the  French. 
Second  Edition.     With  Notes  and  an  Appendix^  by  J.  Murray, 


III. 

A   DESCRIPTION  OF  POMPEII :   with  a  Plan  of  tb 
By  Ab.  Domenico  RoMANELfci.     Translated  from  the  Itali 
Second  Edition;  and  enriched  with  all  the  new  Discovc 
J.  Murray. 
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IV. 

A  TOUR  THROUGH  PERTHSHIRE,  ARGYLESHIRE, 
AND  INVERNESS-SHIRE;  with  some  interesting  Informatioa 
relatiTe  to  the  Caledonian  Canal.    One  Tolume,  8vo. 

-'V. 

A  new  Edition,  with  very  considerable  Additions,  PRACTICAL 
ILLUSTRATIONS  OF  TYPHUS  FEVER,  and  other  Febrile  and 
Inflammator)' Diseases.  Bv  JoHir  Armstrong,  M.D.  Physician  to  the 
Fever  Institution  of  London,  and  Author  of  '*  Practical  IliustratioDs 
of  the  Scarlet  Fever,  Measles,  and^  Pulmonary  Consumption ;  with 
Observations  on  the  Efficacy  of  Sulphureous  Waters  in  Chronic 
Complaints;"  and  of  **  Facts  f|id  Observations  on  the  Fever  called 

Pueiperal/*  t  ' 

>  ■    . 

/.     VL  ■/■■■ 

LETTERS  ON  THE  EVENTS  WHICH  HAVE  PASSED 
IN  FRANCE  SINCE  THE  RESTORATION  IN  1815.  Bj 
Hsi^BN  Maria  Williams. 

VII. 

A  SERIES  OF  CHRONOLOGICAL  TABLES  OF  HISTORY, 
LITERATURE,  AND  THE  FINE  ARTS;  consisting  of  twelve 
Tables  of  History,  four  of  Literature,  iand  one  of  I^inters,  Sculptor^ 
&c.  Translated  from  the  German,  of  Professor  Bredour,  of  the  Uoi- 
•versity  of  .Breslau.    In  royal  fioho. 

vin. 

CHESS  RENDERED  FAMILIAR  BY  TABULAR  DEMON. 
STRATIONS,  in  which  the  whole  of  Philidor's  Games,  with  a  Variety 
of  other  critical  Situations,  all  the  Moves  of  which  are  illustrated  by 
the  actual  Representations  of  Chess  Boards :  the  whole  preceded  by 
a  familiar  Introduction  to  the  Game.  By  J.  G.  Pohlman,  Esq* 
To  be  published  in  a  very  handsome  Volume,  royal  8vo* 
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